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ARE  YOU  AN  ENGINEER 

Civil,    Structural.    Industrial   or    Mechanical? 


The  Ejig'mcering  Record  affords  you  the  most  valu- 
able aid  towards  keeping  in  the  forefront  of  your 
profession. 

ARE  YOU  INTERESTED  IN  ELECTRICITY? 

The  Atnerican  Electric iati  is  the  monthly  journal  of 
practical  electrical  and  steam  engineering. 
The  Electrical  World  and  Engineer  presents  from 
week  to  week  an  authentic  review  of  current 
developments  in  the  electrical  industries  of  the 
world  and   in  '=^very   branch   of    electrical   science. 

IS  STREET  RAILWAY  WORK  YOUR  SPECIALTY? 

The  Street  Railway  Journal  is  the  standard  authority 
on  the  subject  of  electric  traction,  and  the  most 
valuable  record  of  the  world's  progress  in  city 
and   interurban   railroading. 

These  four  technical  periodicals — each  one  a 
leader  in  its  respective  field — are  published  by  the 

MCGRAW  PUBLISHING  COMPANY 

Engineering  Building,  114  Liberty  Street,       NEW  YORK 


N.  B.— A  sample  copy  of  either  of  the  above  and  a  catalogue  of  technical 
books  will  be  sent  free  upon  request  mentioning  this  advertisement. 


THE    TECIfy^'^^f     wnpr  n    .■wrPRrrcryrrvrc 
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MA.W  Ivambkrs  are  bouj^ht  by  persons  who  cannot  afford  to  experiment. 
Tluir  remarkable  popularity  is  due  to  the  fact  that  the  cost  of  man: 
tcnance  is  found  to  be  in  proportion  to  the  low  price.  Tliey  are  built 
for  American  roads  by  American  methods.  €1,  The  earmark  of  Anurican 
intjenuity  is  simplicity,  and  that  earmark  is  in  evidence  in  every  part  of  thi- 
Rambler.  Not  a  part  but  has  some  use;  every  part  a  means  to  an  end. 
C  Operation  is  by  one  lever,  pedals  and  a  throttle  attached  to  the  steering  wheel. 

The  hand  that  steers  is  the  hand 
that  controls.  Ipjnition  is  auto- 
matic. The  working  parts  are 
readily  accessible,  and  so  simi>le 
that  adjustments  can  be  made 
without  the  help  of  a  mtchanic. 
It  is  never  necessary  to  crawl 
under  the  machine. 


MODEL    H.  $850.   complete   with 
brass  oil  side  lamps,  brass  horn,  pump, 
MODEL  H  oilers,  drop-forged  wrenches  and  repair 

kit.  Readily  convertible,  without  expense,  into  runabout.  C.  Fur  those  who  wish  a  larjier,  more 
powerful  vehicle  with  the  convertible  features  of  MODEL  H,  we  offer  MODEL  K-2  which 
is  like  Surrey  Type  One, 
except  that  it  has  a  detach- 
able tonneau  and  costs 
$1250  instead  of  |1350. 
C  Finished  in  Rambler 
carmine  wilh  brass  trim, 
and  complete  with  brass 
side,  tail  and  gas  head- 
light, brass  horn,  drop- 
forged  wrenches,  oilers, 
pump  and  repair  kit. 

OTHER   MODELS.   $650.  $750, 

$850,  $1350.  $2000.  and  $3000.  MODEL  K-2 


Main     Off  ice    and    F^  a  c  1  o  r  y  . 
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Street 
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CHICAGO,       -        -        -      302-304  Wabash  Avenue 
PHILADELPHIA.   -        -        242  North  Broad  Street 
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other  leading 

cities 


TKomas  B.  Jeffery  6*  Company 
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French  —  German  — 
Spanish  — Italian 

Spckd,  Taught,  and  !da«tfrfd  bj  the 

LANGUAGE 
PHONE- 
METHOD 

Combined  with 
The  Rosenthal 
Common  Sense 

Method 
of 
Practical  Linguistry 
The  Latest  and  Best  Work  oTDr.  Richard  S.  Rosenthal 

vol  IIKVK  THK  KXitT  ritOM  NfUTION  OK  EKll  WOKU  AND 
I'UmSK.  A  fi-w  nilinitfs'  practice  eeveral  times  a  day  at  fpare 
iiiiMiicnts  (fives  a  tlKiri.ugh  tuas-tery  of  conversatloual  Krenrh, 
UermKu,  Spunlih,  or  ilaliuc. 

Sendjfor  testimonials,  booklet,  and  letter. 

INTERNATIONAL  LANOUAQE-PHONE  METHOD 

1165  Metropolis  Bld2..  Broadway  and  16th  St..  New  York 


STUDY 
LAW 


LEADraO  LAW  SCHOOL 
IN    CORRESPONDENCE 
INSTRUCTION 
Established  in  1892 

l"reparf3  for  bar  in  any  State.  Combines  theory 
anil  practice.  Text  l>ooks  used  are  same  as  used  in 
leadiiiif  resident  schools.  Teaches  law  at  ynur  home. 
Three  t'ourses— Keffular  College  Course,  Post  Grad- 
uate and  Ifiisiness  Law  Courses.  Approved  by  the 
bench  and  bar.    Full  particulars  free. 

Chicago  Correspondence  School  of  Law 
Reaper  Block,  Chicago 


Rensselaer     \ 
Polytechnic^^, 


-^s. 


%X''nstitute, 

K       Troy,  N.Y. 

f  ^nesl  examinatiozis  provided  for.  Send  for  a  Oataloeuei 

Tufts  College 


DEPARTMENT    OF 

ENGINEERING 

Civil,  Mechanical,  Electrical 
and  Chemical  Engineering 


New  Laboratories  and  Excellent  Equipment.  Beautiful  site 
within  four  miles  of  Boston.  Preparatory  Department  for 
students  who  have  had  en^neering  practice,  but  insufficient 
preparation  for  college  work. 

For  information  concerning  courses  and  positions  of  grad- 
uates, address 

H.   G.  CHASE,  Secretary, 

Tufts  College  P.  O.,  Mass. 

The  University  of  Rochester 

A  College  of  Liberal  Arts 

Scientific   Course  for  Technical 
Students 

Sis  years  required  for  combined  College  and 
Engineering  degrees  in  co-operation  with  The 
Massachusetts  Institute  of  Technology  and 
Sibley  College  at  Cornell.  New  laboratories, 
thoroughly  modern  equipment.  Special  circu- 
lar and  catalogue  sent  on  application.   Address 


1^ 


F.  L.  LAMSON,  Registrar 
Rochester,  N.  Y. 


^ 


$10.00  for  a  Mouth 


Draw  a  mouth  in  this 
face,  with  pen  or  pen- 
cil, and  mail  it  to  our 
address.  We  give  a 
CASH  PRIZE  OF 
TEN  DOLLARS  for 
the  best  drawn  mouth. 
Also  inclose  20  cents 
(2  dimes  or  10  2c. 
stamps)  and  we  will 
send  you  lesson  sheet, 
illustrated,  giving  com- 
plete printed  instruc- 
tion in  the  method  of 
FIVE-MINUTE  PORTRAIT  SKETCHING  FROM 
LIFE,  as  used  in  the  illustration  of  daily  news- 
papers. It  is  the  method  used  for  quick  sketching 
of  court-room  characters,  public  men,  stage  celebri- 
ties, fires,  wrecks,  explosions,  &c.  We  have  the 
oldest  and  most  successful  school  of  illustrating  in 
America.  During  the  past  15  years  we  have  never 
failed,  in  a  single  instance,  to  find  situations  for 
students  as  soon  as  they  became  competent.  You  can 
have  a  complete  course  of  instruction  in  newspaper 
and  magazine  illustrating  by  mail,  if  you  want  it,  at 
very  small  expense.  Write  for  particulars.  Address 
THE  THOMAS  SCHOOL  OF  ILLUSTRATING, 
'J  West  Hth  St.,  New  York  City. 


Sent  On  6  Days 
TRIAL 


LESSONS 


By   one   of    Chicago's    Best 
^ f^l^    ''  Vinlin    Teafbers    with    every 

ROOT  VIOLIN 

Catalog   gives    particulars.       SPECIAL 
PRICES  if  you   write    XHV.    We  also  sell 
the  Celebrated    CK<>\V.\    Mandolins    and    Gultura 

1 E.  T.  Rool  &  Sons,  369  Wabash  Av.  Chicago 


^/>e  American  School  of  Household  Economics 

THIS  new  development  of  the  correspondence 
idea  came  into  being  from  the  request  of 
women  all  over  the  country  for  aid  in  their 
household  problems  and  for  guidance  in  the  study  of 
twentieth  century  housekeeping. 

We  all  realize  that  industrially  the  world  has 
made  tremendous  advances  during  the  last  ten  or 
twenty  years,  but  we  are  apt  to  over-look  the  fact 
that  knowledge  of  the  arts  and  sciences  relating  to 
the  home  has  kept  pace  and  that  the  good  old  ways 
of  our  grandmothers  are  no  less  out  of  date  than  the 
stage  coach  and  spinning  wheel. 

The  thoughtful  housekeepers  who  have  felt  the 
effects  of  this  industrial  revolution  have  been  seeking 
in  vain  for  a  practical  hand-book  that  would  give 
the  desired  information  in  not  too  technical  nor 
abstruse  a  form. 

A  residence  course  of  study  is  out  of  the  question 
for  the  great  majority,  so  as  housekeepers  and 
mothers  are  unable  to  leave  their  duties  to  go  to 
school,  the  school  must  go  to  them. 

This  the  American  School  of  Hoztsehold  Econ- 
omics does.  Its  lesson  books  have  been  prepared  by 
eminent  teachers  and  represent  the  long-sought-for 
hand-books — simple,  concise,  interesting,  and  auth- 
oritative.    The  instruction  is  given  by  the  authors. 

Some  of  the  subjects  covered  are  cookery,  dietet- 
ics, home  dressmaking,  house  planning  and  furnish- 
ing, home  nursing,  household  management  and 
accounts,  and  psychology  of  child  training. 

The  attractive  Announcement  of  the  School  gives  illus- 
trated synopses  of  the  twelve  subjects  offered  and  details  of 
the  methods  employed.  Everyone  interested  is  invited  to  send 
for  a  copy.  Address  the  Director,  Miss  Helen  Louise  Johnson, 
3311  Armour  Avenue.  Chicago,  111. 
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Important  Announcement 


Readers  of  THE  TECHNICAL  WORLD  will  be  gratified  to  learn  that  the  Great 
Reference  Work  upon  which  THE  SCIENTIFIC  AMERICAN  has  been  so  long  engaged 
is  at  last  completed.  After  years  of  patient  labor  and  research,  and  with  the  co-opera- 
tion of  America's  foremost  scholars  and  experts, 

The  New  Americarva. 

stands  as  an  achievement  which  has  already  met  with  the  enthusiastic  approval  of  the 
American  people. 

The  AMERICANA  is  the  work  which  the  condition  of  affairs  in  the  Encyclopedia 
world  made  necessary.  Before  ever  a  line  was  written  for  this  great  work  the  Ideal 
was  set :  A  National  Work— Universal  in  its  Information — American  in  its  Production. 

The  AMERICANA  is  distinctly  a  National  Work.  It  is  made  by  Americans. 
Every  section  of  America  has  been  called  upon  to  contribute,  and  for  the  first  time  in 
encyclopedia  making  North,  South,  East  and  West,  Canada  and  South  America  have 
had  full  and  true  representation. 

The  AMERICANA  is  new  from  cover  to  cover— new  and  beautiful  type,  new 
maps,  new  engravings  and  plates  in  color,  new  text  illustrations,  and  best  of  all,  NEW 
AND  original  TREATMENT  THROUGHOUT  by  more  than 

One  Thousand  American  Scholars  and  Special  Writers 

The  AMERICANA  is  the  only  encyclopedia  made  in  this  country  by  a  thoroughly 
organized  body  of  skilled  experts  and  literateurs,  each  selected  for  his  special  fitness 
and  intimate  acquaintance  with  the  subject  assigned  to  him.  These  trained  and  pro- 
gressive workers  have  struck  out  into  new  paths;  they  have  proceeded  upon  an  entirely 
new  plan,  and  that  plan  embodies  the  idea  which  has  made  our  country  the  wonder  of 
the  nations  —  the  idea  of  reaching  the  core  of  things  by  the  shortest  method.  This 
is  the  American  plan.  You'll  catch  the  spirit  of  it  as  you  turn  the  pages  of  the  work 
and  note  its  conciseness  yet  comprehensiveness,  while  the  names  of  the  eminent  writers 
of  the  signed  articles  are  an  ample  assurance  of  accuracy  and  authoritativeness.  The 
AMERICANA  has  commanded  the  services  of  so  many  American  educators,  scholars 
and  experts  as  to  fully  justify  its  title  of  America's 

Great  National  Reference  Library 


"I  am  truly  delighted  with  the  tone 
and  arrangement  of  this  strictly  Am- 
erican publication. ' ' 

— B.  J.  Cigrano,  Director  Chicago 
Public  Library. 


"The  treatment  throughout  is  thor- 
oughly American,  and  conspicuously 
so  in  its  wonderful  compression.  It 
goes  straight  to  the  core  of  each  sub- 
ject."—Edgar  M.  Barber,  C.  P.  A. 
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Scientific  Hmcdcan  ^ 


Free   Orv   Req\iest 


No  mere  advtTtist'iiH'iit  can  convoy  an  adeciuato  idea  of  the  vast  interest  and  im- 
mense utility  of  the  AMKRIC ANA,  or  of  its  exceptional  value  and  sumptuous  appvar- 
ance.  We  have  therefore  prepared  for  flistrihution  among  those  really  inter<>st«'«l.  a 
handsome  i:,o-pagebook  containing  specimen  pages,  viavs,  full-page  plates,  duo  toiun, 
color  plates  and  text  illustrations,  with  J,2  portraits  of  celebrities,  full-page  nhotographic 
plates,  showing  the ^(iN^-^-^  train  in  the  world,  the  /argr.sf  steamship  ever  built  in  Avn- 
er\ca,'ihe  famous  Flat-iron  Building,  New  York,  the  stage  mechanism  for  the  Opera 

of  Parsifal,  etc. 

We  send  you  this  beautiful  and  expensive  book  FREE  on  return  of  Information 
Blank  here  printed.  You  will  thus  be  able  to  decide  quickly  and  intelligently  whether 
the  AMERICANA  is  not  just  the  work  you  want  for  personal  use,  or  lor  your  family, 
or  for  the  putijic  library  or  school  in  which  you  are  interested. 


"I  consider 
it  in  every  re- 
spect the  best 
encyclopedia 
published." 
-P.  N.  John- 
ston, Refer- 
ence Librar- 
ian, New  York 
Public  Li- 
brary. 


"The  work  breathes 
the  spirit  of  today  even 
in  the  description  of 
things  ancient.  It  ex- 
plores the  dark  comers 
of  the  past  by  the  aid  of 
the  arc  light  and  ra- 
dium. "-St.  Paul  Pio- 
neer Press. 


Information  Blank 


THE  SCIENTIFIC  AMERICAN.  Compilinsr  Department, 
258  Fifth  Avenue.  New  York  City. 
Without  ohliiratin?  myself  to  purchase  I  would  like  to  rocoivo  FREE,  your  I40-paK«  B<»k  ot  SiK-.i- 
mon   Piures.  Maps,  Duotones.  Color  Plates.    Portraits.   Text   IlluHtrHlionH,  etc..  of   the   Kn<-YCM)I-kii1A 
America.va,  with  particulars  of  your  special  advertising  proposition.  T.  W.  C, 


Name_ 


Occupation 
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.  Town  and  State- 
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UNTIL  JULY   15th   ONLY 


Offer  No.  1 


THE  TECHNICAL  WORLD  for  one  year  reiiu- 
lar  Drice  $2  00  and  any  ONt^  of  the  follow  • 
inKOooKi,  express  cbartiei  prepaid,  for 


$150 


MECHANIC^?'  COMPLF.TE  LIBRARY- 

A  Ixwk  of  modern  ruk-s.  processes  and  facts 
for  artisans  in  evcrj'  trade. 

CRAM-S  Ql'ICK  REFERENCE  ATLAS  OF 
THE  WOIU.D- Fully  indexed.  105  colore^i 
maps  and  40.UUO  entrees. 

PRACTICAL  LESSONS  IN  ELECTRICITY- 
A  clear  and  concise  treatise  on  Elements  of 
Electricity,  Electric  Current.  Electric  Wiring- 
and  Storatre  Batteries,  by  Prof.  F.  B.  Crocker, 
H.  C.  Cushinsr,  Jr..  and  L.  K.  Sager.  S.  B. 


PRACTICAL 
ELE^TRIGIT 


•^-^ 


^ 
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Offer  No.  2 


THE  TECHNICAL  WORLD  for  one  year,  reg- 
ular price.  $2.00  and  &f\v  ONK  of  the  fol- 
laHlng  books,  express  charies  prepaid,   for 


$125 


OLD  GORGON  GRAHAM 

More  lettorM  from  ii  Bclfmade  Merchant  to  Hiii 
Son,  by  Geo.  Horuco  Ixirimer. 

THE  SCIENTIFIC  AMERKWN'  nrrrnrvrK 

HOOK — A  handy  volunio  ■ 

information  not  to  be  fou : 

I)ile<i  by  Albert  A.   Hopkins  and  A.   V.^..  .11 

Bond. 

.MODERN  WIRING  DIAGRAMS  AND  DE- 
.SCRIPTIONS-A  bo.k  of  vuhial.Ie  and  prac- 
tical information  for  the  electrical  workrr,  by 
Henry  C.  Horstnuinn  and  Victor  H.  Tou.sley. 


NOTICE  TO  FOREIGN  SUBSCRIBERS: 
$1.00  additional  must  be  seat  to  cover  Foreign 
— ^— ^^— — — —  Pastaee- 


All  of  tViPso  books  are  amonjr  the  ! 
e.ich  is  liound  in  cloth  and  profu.s. 
bcx)k  desired  mu.st  bo  specified  when  onii  r  i.i  .^iil  m. 
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SX'l  .\rmniir  .Vvc,  Chlcairo,  111. 
Encio-MHl  fliifl  H.iiO,  ffir  which   m-nil  me  "Tlie   T<'ohnli'al 
■W'.irM"' f.ir  the  c..iiiintr  .vcar.  U'lfliiiilntr  with  the  July  uuni- 
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(Street  Address) 
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This  Book 


IS 


Free  to  You 


Business  Short  Cuts  is  a  book  of 
160  pages  (5x7  inches)  of  the 
concentrated  business  experience 
of  a  hundred  successful  men.  It 
is  a  compilation  of  short  methods, 
it  tells  j-ou  of  the  short  ways  of 
doing  the  things  which  now  take 
too  much  of  your  time.  The  book 
has  received  the  unqualified 
endorsement  of  the  trade  and 
technical  press.  The  fourth  edi- 
tion is  nowread}^  and  sellsfor  $1.00. 


'^e  Business  Man's  Magazine 

Book-keeper 


cmd    ^^  ^ 

is  the  oldest,  largest  and  best  magazine  for  business  men.      It  is  full 

of  solid  meat  for  the  cashier, 
book-keeper,  departmentmanager, 
proprietor  and  clerk.  The  sub- 
scription price  is  one  dollar  a  year. 


Has  IlXo)®I^^S®^®^ 


April  1905      10  cents 

Detroit.Michig'&n.  V  .  s  . 


A  Special  Offer 

To  any  Technical  World  reader 
who  will  send  us  one  dollar  for  a 
year's  subscription  to  the  BUSI- 
NESS MAN'S  MAGAZINE  and 
mention  this  ad,  we  will  send, 
absolutely  free,  postpaid,  a  copy 
of  Business  Short  Cuts  bound  in 
Art  Boards.  Do  not  delay  as  the 
edition  is  limited  and  you  will 
regret  it  if  3'ou  miss  this  chance 
to  get   a  free  copy  of  the   book. 

■^eBook-Keeper  Publishing  Co. 

(Limited) 


82  W.  Fort  Street 


DETROIT,  MICH. 
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Complete 
Drawing 

Outfit  No  la 


The  Official  Drawing 
Outfit  Used  and  Ke- 
commended  by  the 
School 


REGULAR 

RETAIL 

PRICE 

$15.34 


'{Cut  is  Ref>rodue»d 
/  from  a  ffu>tograph') 


OUTFIT   ILLUSTRATED: 
DRAWING  MATERIALS: 

One  Drawing  Board,  19:c25  inches,  seasoned 
pine,  with  end  battens,  tongued  and 
grooved,  shellac  finish,     -       -       _       .       $150 

One  Mahogany  T-Square,  24  in.  long,  ebony 

lined,  fixed  head,  shellac  finish,       -       -  .90 

One  45°  Transparent  Triangle,  8  inch,        -  .75 

One  30°x60°  Transparent  Triangle,  10  inch,  .70 
One  12-inch  Triangular  Boxwood  Scale,  engine 
divided  ;  graduated  3-32,  3-16,  1-8,  1-4,  3-8, 
3-4,  1-2.  1  1-2,  and  3  inches  to  the  foot,  and 
one  edge  inches  and  16ths,  with  case,    -          LOO 
One  Transparent  Combination,  irregular  or 

French  Curve,  special.  -       .       .       .         1.00 

One  Bottle  Waterproof  Ink            ...  .25 

One  *-H  Siberian  Drawing  Pencil,         -       -  .10 

OneFaber'sInkEraaer,  No.  1075,           -       -  .05 

One  Faber's  Pencil  Eraser,  No.  Ill,       -       -  .05 

One  dozen  Thumbtacks,          ....  .20 
Nine  sheets  Whatman's  nandmade,  cold  pressed, 

Drawing  Paper.  13'^x20  Inches,           .       -  .54 
Twelve  sheets  Whltstock  Drawing  Paper,  llil5 

Inches  (for  practice  work  only),        -       -  .15 

One  Nickel  Plated  Erasing  Stencil,       -       -  .25 

One  Sandpaper  Block,      •       .       -       -       •  .10 

OneC-inch  German  Silver  Protractor,  140,  .90 

Retail  Price  of  Materials,      -    j;    8.44 

SPECIAL  PRICE  TO  A.  S.  C.  STUDENTS  "^^^^l^^^,  $5.95 

In  order  to  secure  the  above  special  price  it  is  necessary  to  be  a  student  of  the  American  School 
or  Correspondence.  Orders  should  be  sent  direct  to  the  address  of  the  manufacturer  as  eivea 
below,  accompanied  by  PostOflBce  Order  or  by  Registered  Letter  for  the  amount  and  a  statement 
that  the  writer  is  a  member  of  the  American  School  of  Correspondence.  Express  charges  are 
to  be  paid  by  the  purchaser  (for  students  in  the  West  and  Middle  West  express  charges  to 
CHICAGO  will  be  prepaid. )    Address : 

A.  D.  MACLACHLAN,  214  Clarendon  Street,  Boston 

ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 


DETAILED    LIST    OF 
INSTRUMENTS: 


Set  of  German  Silver  Drawing  Instruments  in 
Morocco  Leather  Pock-jt  Case,  velvet  lined,  with 
bar  lock,  comprising: 

One  German  Silver  compass.  6  inches  lone, 
with  pen,  pencil,  needle  point  and  length- 
ening bar. 

One  German  Silver  spacing  dividers,  5  inches 
long. 

One  steel  spring  bow  dividers,  3M  inches  long. 

One  steel  spring  bow  pen.  3M  inches  long,  with 
needle  point. 

One  steel  spring  bow  pencil,  3K  inches  long,  witb 
needle  point. 

One  S-inch  ruling  pen,  spring  on  upper  Blado. 

One  case  with  leads. 

One  adjusting  key. 


Retail  Price  of  Instruments,  ^6.90 


Total  Value  of  Complete  Outfit,  $15.34 
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r  is  the  man  who  has  learned  through  long  experience  and  careful  study  who  knows 
best.      Years  of  experience  in  teaching  thousands  of  students  living  in  every  portion 
of  the  globe  and  careful  study   of  existing  conditions  have  enabled  the  American 
School  of  Correspondence  constantly  to  enlarge  and  revise  its  work  so  as  to  make 
it  best  adapted  to  meet  the  needs  of  the  correspondence  student. 

^The  text  books  of  the  American  School  of  Correspondence  have  been  prepared  by  lead- 
ing college  professors,  engineers  and  experts  in  this  country.  In  their  preparation  careful 
studv  has  been  given  to  actual  shop  needs.  Simplicity,  brevity,  clearness  and  thoroughness 
are  marked  features.  It  may  be  said  in  this  connection  that  the  United  States  government 
has  secured  the  right  to  use  these  instruction  papers  as  text  books  in  some  of  its  schools. 
"Storage  Batteries,"  by  Professor  Crocker,  is  used  in  the  senior  class  work  in  Columbia 
University.  The  Westinghouse  Electric  and  Manufacturing  Company  have  secured  a  large 
number  of  papers  to  be  used  in  their  educational  classes,  and  the  only  gold  medal  for  superior 
excellence  in  Engineering  Education  and  Technical  Publications  awarded  at  the  St.  Louis 
Exposition  was  given  to  the  American  School  of  Correspondence. 

4T  There  has  been  on  the  part  of  the  school's  large  student  body  a  great  need  of  a  practical, 
concise  and  thorough  reference  work^a  reference  work  which  would  supplement  their 
studies  and  also  assist  them  in  the  solution  of  such  problems  as  daily  confront  every  practical 
man.  To  meet  this  need  the  school  has  compiled  its  twelve- volume  "Modern  Engineering 
Practice."  The  "Library"  is  edited  by  Dr.  F.  W.  Gunsaulus,  assisted  by  a  corps  of  able 
specialists  and  experts.  It  covers  a  broad  field  of  engineering  work  and  includes,  in  addition 
to  the  school's  regular  work,  many  special  articles  on  such  subjects  as  Wireless  Telegraphy, 
Automobiles,  Gas  Engines,  etc.,  thus  forming  a  complete  reference  work  on  the  latest  and 
best  practice  in  the  Machine  Shop,  Engine  Room,  Power  House,  Electric  Light  Station, 
Drafting  Room,  Boiler  Shop,  Foundry,  Pattern  Shop,  Blacksmith  Shop,  Round  House, 
Plumbing  Shop  and  Factory.  The  "Library"  is  well  indexed,  profusely  illustrated,  and 
substantially  bound  in  three-quarters  red  morocco. 
^  For  description  and  table  of  contents  see  pages  XII   and   XIII  of  this  issue. 


SPECIAL 


To    students    enrolling    BEFORE 

in    any   of   the    courses   listed    on    the 

opposite  page  we   will  include,  as  a  help  to  their  studies,  a  set  of  the  12-volume 


JULY  1st,  1905 

"Refer- 


ence Library  Modern   Engineering  Practice"   in  addition  to  the  regular  instruction  papers. 

FREE 


CATALOGUE  AND  FURTHER 
INFORMATION  ON  REQUEST 


WRITE 
TODAY 


COUPON.     Cut  Out  and  Mail  NOW 


AMERICAN  SCHOOL  OF  CORRESPONDENCE,  CHICAGO,  ILL. 

Please  enroll  me  in  the 


course,  which  I  promise  to  pursue  diligently;  I  agree  to   pay  8 cash, 

and  8 on  or  before  the day  of  each  month  thereafter  until 


total  tuition  8- 


-(given  on  opposite  page)  is  paid. 


The  library  "Modern  Engineering  Practice"  (12  vol.)  is  to  be  sent  me  as  soon  as  I  have  completed 
the  first  ten  papers  of  my  course  or  as  soon  as  the  tuition  is  paid  in  full,  becoming  my  property  when 
tuition  is  paid  in  full.  T.  W.  June,  '05. 


Fill  out  ike  follovjing  carefully. 


Name. 


Residence 


TowN_ 


State. 


SEE  ALSO  PAGES  XI,  Xn  AND  Xm 
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Courses  and  Tuition  Fees 


1 


DEPARTMENT  OF  ELECTRICAL  ENGINEERING 

Electricul  KnjrinwrinK lU-forfncc  Library  ( 12  voU. , 

Central  Station  Work Iicf<«n»nco  Library  (12  voU.) 

Electric  LishtinK Reference  Library  ( 12  voU. ) 

EUectric  Railways Reference  Library  ( 12  voU, ) 

Telephone  Practice Reference  Library  ( 12  voU. ) 

DEPARTMENT  OF  MECHANICAL  ENGINEERING 

Mechanical  Enginccrinir Rofcrenco  Library  ( 12  voIh  ' 

Mechanical-Electrical  EnKinoerinR.  noference  Library  (12  vols.) 

Sheet  MeUil  Pattern  Drafting: Reference  Library  (12  vols.) 

Shop  Practice Reference  Library  ( 12  vols. ) 

Heatinsr.  Ventilation  and  Plumbing. .  Reference  Library  ( 12  vols. ) 
Mechanical  Drawing Reference  Library  (12  vols. ) 


40  00 
40  00 


52  •'■ 
44  <' 
40  <• 

40  00 


.V)  (" 
60  00 


.'^  00 


DEPARTMENT  OF  STEAM  ENGINEERING 

Stationary  EnginecrinK Reference  Library  ( 12  vols. 

Marine  Enirineering Reference  Library  ( 12  vols. }       4u  i 

Locomotive  Engineering Reference  Library  ( 12  vols. )       40  i 

DEPARTMENT  OF  CIVIL  ENGINEERING 

Structural  Engineering Reference  Library  ( 12  vols. ) 

Municipal  Engineering Reference  Library  (12  vols.)  60  00 

Railroad  Engineering- Reference  Library  (12  vols.)  60  00 

Surveying  Reference  Library  ( 12  vols. )  40  00 

Hydraulics Reference  Library  (12  vols.)  40  00 

Structural  Drafting Reference  Library  ( 12  vols. )  '    40  " 

DEPARTMENT  OF  ARCHITECTURE  i 

I 
I 

Complete  Architecture Reference  Library  ( 12  vols. )  i    GO  i^' 

Architectural  Engineering Reference  Library  (12  vols. >       \'  >■ 

Contractors'  and  Builders'  Course. .  .Reference  Library  (12  vol: 


•nSOO 

76  00 

85  00 

75  00 

85  00 

SO  00 

55  00 

BOO 

-) 

") 

^5  00 


DEPARTMENT  OF  TEXTILE  MANUFACTURING 

Cotton  Course Reference  Library  ( 12  vols. )  40  00 

Woolen  and  Worsted  Goods  Course.  .Ref«»  ;nce  Library  (12  vols.)  40  00 

Knit  Goods  Course Rcfer^-no- Librao' '  12  v<il.'«.'>  10  0"T 


50  00 
60  i> 

no  f"i 


55  00 


SOO-t.Jgc  PulUtin  irivine''«ll«utline  c^thf  ahcf*  and  SO  tkitrl  tauruM  will  b*  ttni /rtt  0m  rtqutU 

American   School   of   Correspondence 

at    Armour    Institute    of    Technology,   Chicago 


.  SEE  ALSO  PAGES  X,  XII  AND  XIU  : 
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REFERENCE    LIBRARY    MODERN 
ENGINEERING      PRACTICE 

=  IN  TWELVE  voTiiMKc;-  - 

A    Reliable    Guide    for    Engineers,    Mechanics,    Machinists    and    Stud' 
Illustrating  and  Explaining  the  Theory,  Design,  Construction  and  Operation 
of  all  kinds  of  Machinery,  Containing  over  Six  Thousand  Pages,  Hint  rated 
with    more    than    Four    Thousand    Diagrams,    Working    Drawings,    full-page 
Plates  and  Engravings  of  Machines  and  Tools 


PARTIAL  TABLE  OF  CONTENTS 
Volume  One 

Elements  of  Electricity — Current— Measurements— Electric  Wiring  — 
Telegraphy — Including  Wireless  and  Telautograph— Insulators— Electric 

Welding. 

Volume  Two 

Direct  Current  Dynamos  and  Motors  —  Types  of  Dynamos  —  Motor 
Driven  Shops — Storage  Batteries. 

Volume  Three 

Electric  Lighting — Electric  Hallways — Management  of  Dynamos  and 
Motors — Power  Stations. 

Volume  Four 

Alternating  Current  Generators — Transformers  — Rotary  Converters — 
Synchronous  Motors — Induction  Motors — Power  Transmission  — Mer- 
cury Vapor  Converter. 

Volume  Five 

Telephone  Instruments  —  Lines  —  Operation  —  Maintenance  —  Common 
Battery  System — Automatic  and  Wireless  Telephone. 

Volume  Six 

Chemistry — Heat — Combustion— Construction  and  Types  of  Boilers — 
Boiler  Accessories — Steam  Pumps. 

Volume  Seven 

Steam  Engines — Indicators  —  Valves,  Gears  and  Setting  —  Details — 
Steam  Turbine  — Refrigeration — Gas  Engines. 

Volume  Eight 

Marine  Engines  and  Boilers  —  Navigation  —  Locomotive  Boilers  and 
Engines — Air  Brake. 

Volume  Nine 

Pattern  Making — Moulding— Casting  — Blast  Purnace— Metallurgy- 
Metals — Mechanism — Machine  Design. 

Volume  Ten 

Machine  Shop  Tools  — Lathes  — Screw  Cutting  — Planers  — Milling 
Machines — Tool  Making — Forging. 

Volume  Eleven 

Mechanical  Drawing— Perspective  Drawing— Pen  and  Ink  Rendering 
— Architectural  Lettering. 

Volume  Twelve 

Systems— Heaters— Direct  and  Indirect  Steam  and  Hot  Water  Heating 
— Temperature  Regulators— Exhaust  Steam  Healing— Plumbing- 
Installing  and  Testing— Hot  and  Cold  Water  Supply— Ventilation. 

SEE  ALSO  PAGES  X.  XI  AND  XU  ^=- 
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$150.00  IN  CASH 

WILL     BE    DIVIDED    AMONG    THE 

18    Persons 

sending  in  the  largest  lists  of  new  subscribers  to  "The  Technical  World" 
between  April  20th  and  June  20th,  1905.  These  cash  prizes  >^ill 
be  given  in  addition  to  the  regular  premiums. 


C'The  Technical  World"  pays  liberally  in 
cash  or  premiums  to  those  securing  subscrip- 
tions in  large  or  small  numbers. 
CYou  can  have  an  exclusive  agency  and 
make  money  by  using  a  little  of  your  spare 
time. 

Cit    is  easy.      No  capital    required  and    no 
experience  necessary.     Try  it. 

Write  at  once  for  full  particulars  of  our  great  offer 
for  nexv  subscribers  and  this  cash  prize  competition. 


Address 

THE  TECHNICAL  WORLD 

CHICAGO,   ILL. 
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THE    TECHNICAL    WORLD    ADVERTL 


No.  2 


For  4  subscriber:. 


A   FEW 
SPECIMEN    PREMIUMS 

FOR  NEW  SUBSCRIPTIONS 


The  Technical  World  offers  the  largest  variety 
and  the  best  of  premiums  for  new  subscriptions. 

Send  at  once  for  Premium  Circular  (Free)  con- 
taining something 

FOR  EVERYONE 


The  Technical  World 


CHICAGO.    ILL. 


No.  30 


For  3  subscribers 


and  25  cents  extr& 
No.  65    - 


For  1  subscriber  and  30  cents  extra 


2  MllUaiy  Ufu»lios 


■  For  2  subsirrlb«r« 
and  25  cents  extra 


No.  6 


For  H  subscribers 


No.  25 

Pocket   Compass 


Kor  2  subscrlbor>  ■ 


Genuine 
Mecrschauiit 

No.  55 


For  5  subscribers 
and  25  cents  extra 

Genuine 
Mocr  »c  hauin 

No.  5 7 


F'or  2  subscribers 
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HOW  ONE  THING  "ST  ANOTHER 


By  bu3nne  a  copy  of 
this  book  and  becoming; 
familiar  with  the  art  of 
electricity  you  don't 
know  what  it  may  lead 
up  to. 

There  are  XX  chap- 
ters or  subjects  carry- 
ing you  from  the  funda- 
mental principles  of 
electricity  on  through 
the  various  branches  to 
a  point  where  the  care- 
ful student  compre- 
hends the  complete  de- 
signing, care  and  opera- 
tion of  a  dynamo  or  a 
motor.  Each  subject  is 
carefully  written  and  to 
the  point.  After  a  stu- 
dent studies  a  subject, 
he  is  questioned  on  that 
subject  in  such  a  man- 
ner as  to  bring  clearly 
to  his  mind  the  points 
he  needs  to  know  re- 
garding same.  A  DIC- 
TIONARY in  back  of 
book  will  enable  him  to 
learn  the  meaning  of 
any  electrical  word, 
term  or  phrase  used  in 
this  book  as  well  as 
hundreds  of  others  in 
common  use.  All  re- 
quired tables  necessary 
in  the  study  are  in  it. 


From  our  paper,  The  Armature 
Winder,  issued  for  the  purpose  of 
advertising  our  facilities  for  repairing 
electrical  machinery,  originated  our 
book,  Practical  Electricity,  which 
has  proven  to  be  the  most  popular  book 
devoted  to  the  study  of  electricity ; 
12,000  copies  have  found  buyers,  and 
the  Fourth  Edition  is  now  ready.  From 
Practical  Electricity  has  sprung  the 
manufacture  of  Dynamos  and  Motors. 


Price  $2.00  per  copy. 

This  book  will  help  you  in  the 
study  of  electricity  as  no  other  book 
ever  has.  fl  The  offer  we  make  of 
refunding  money  if  book  is  not  sat- 
isfactory upon  examination  is  AN 
UNUSUAL  ONE  in  connection 
with  the  sale  of  a  book.  But  we 
have  no  fear  of  its  return.  Your 
decision  will  be  what  thousands  of 
others'  have  been.  Money  would 
not  buy  it  if  it  could  not  be  dupli- 
cated. We  could  print  testimonials 
by  the  hundreds.  It  is  the  best  to 
order  and  be  your  own  judge  of  its 
merits. 

Cleveland 
Armature  WorKs 

CLEVELAND,  OHIO 


YOU  CAN 
DO  IT 

While  studying  elec- 
tricity from  our  book 
and  perfecting  your- 
self in  electrical  engi- 
neering, you  can  be 
engaged  in  the  sale 
of  our  dynamos  and 
motors  and  earning  a 
good  commission. 

Write  for  our  cata- 
logue and  proposition 
in  reference  to  how  to 
sell,  and!  commission 
we  pay. 

Our  proposition  is  an 
ideal  one  for  any  man 
who  is  connected  with 
a  power  plant  or  central 
station;  the  people  to 
whom  you  furnish 
power  will,  in  most 
cases,  favor  you  if  you 
but  tell  them  you  are 
agent  for  a  good  ma- 
chine. 
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By  ROBERT  SHACRLETON 
Atifltlhoir  of  "''Mairiiy  WaterSp'"  "  TKe  <Great 

AdveniitL^rer/"  E-tlc. 


T(  )  do  a  i;roat  tliint;-  in  a  .qrc-at 
manner,  to  achieve  a  stupendous 
result  In-  hroad  and  si)lendid 
means — that  is  what  the  United 
States  is  cloinj^  in  Panama,  it  has  as- 
sumed the  j^^reatest  enj^ineerinjT  task  ever 
attenij)ted  hv  man,  where  the  hrilliant  ami 
capable  i'Vench  ijave  it  up;  and  is  carry- 
'\w^  it  splendidly  on. 

It  is  indeed  a  tenant's  task  that  this 
younp^  piant  of  the  nations  is  perforniin;^^, 
and  it  is  performinj^^  it  in  a  {.giant's  way. 
For  it  is  facing:  a  jj^reat  variety  of  prob- 
lems, governmental  and  administrative  as 
well  as  en.i^inecrinij.  To  take  the  strip  of 
land  between  the  Atlantic  and  the  I'acihc. 
to  govern  it.  to  drive  away  disease,  to 
handle  the  j^roblems  of  military  anfl  civil 
government — and  to  dig  the  Canal !  It  is 
only  in  an  age  of  miracles  of  achievement 
that  such  things  can  be  done. 

And  to  the  splendid  greatness  of  the 
task,  there  is  now  every  indication  that 
there  is  to  be  a  splendid  simplicity.  To 
make  a  sea-level  canal — to  level  the 
heights,  and  to  put  the  waterway  through 
with  the  superb  <ietermination  to  secure 
the  best  and  simplest  results,  irrespective 

Copyright,  1»C6,  by  The 


of  puny  considerations — is  something  of 
which  .\mericans  may  well  be  prou<l. 

.\nd  the  total  cost  will  not,  it  is  lib- 
erally estimated,  be  over  ^.V^^-'^^^^-OCKj. 
including  expenses  of  harbors,  sanitation, 
water  supply  for  the  towns,  and  other 
large  details;  while  the  total  time  re- 
<|uired  will  be  not  over  fifteen  years. 
Some  official  estimates,  indee<l.  |)oint  to 
the  possibility  of  ten  years,  and  a  cost  of 
less  than  $J50.ock),cxx). 

The  Main  Difficulties 

A  rocky  range  of  heights,  and  a  river 
which  is  liable  to  rise  in  a  few  hours  to 
tremendous  |)ossibilities  of  jlood,  are  the 
two  principal  features  of  difficulty;  but 
it  has  been  found  that  tlu-si-  Cordilleras 
can  be  pierced,  and  t'"-  imKnl. ni  riv.r 
harnessed. 

There  is  a  sim|)le  masterfulness  in  the 
present  scheme.  In  that,  it  is  like  the 
l»lan  of  .Vapoleon  for  the  opening  up  of 
the  my.steries  of  Africa.  He  would  have 
sent  in  expeditions,  from  diflFerent  direc- 
tions, to  meet  in  the  middle!  .\s  they 
undoubtedly  would,  had  he  sent  them.  It 
is  like  the  action  of  the  Ru.ssian  Czar. 
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ReAR-AdMIRAL     MORDECAl 

T.  Endicott,  U.  S.  N. 

As  a  representative  of  the  Navy 
Department,  in  which  he  will 
continue  to  liold  his  old  place, 
he  will  probably  have  but 
little  to  do  with  the  actual 
work  of  construction. 


Brig. -Gen.  Peter  C. 
Hains,  U.  S.  a.  (Retired). 

He  has  been  an  active  oppo- 
nent of  the  sea-level  project 
now  so  strongly  advocated  in 
some  quarters,  and  has  been 
connected  with  canal  affairs 
for  many  years. 


John  F.  Wallace,  Chief 

Engineer. 

He  was  formerly  General  Man- 
ager of  the  Illinois  Central 
Railroad,  and  was  appointed 
Chief  Engineer  on  the  pre- 
vious Panama  Canal  Cora- 
mission. 


when  the  cng:ineers  dififered  in  their  re-  the  map.    Well,  that  is  the  kind  of  direct 

ports  as  to  the  best  route  for  a  railroad.  simplicity  which  is  to  build  the  Panama 

"I'.uild   it   here,"     he    said,    drawing    a  Canal.    It  is  simply  going  to  be  done,  and 

straight  line  between  the  two  points  on  with  the  simplest  kind  of  result. 
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CROSS-COUNTRY  VIEW  LOOKING  NORTHWEST. 
View  from  top  of  Culebra  ridge  looking  toward  Colon,  at  Atlantic  entrance. 
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Benjamin  M.  Hakkod. 

An  experienced  civil  cnuineer, 
nieiiitier  of  llie  foi  iiier  Com- 
mission. Ho  superintended 
reconstruction  of  New 
Orleans  drainage  system,  and 
is  a  member  of  the  Mississippi 
River  Commission. 


Col.   Oswald  H.    Kknst, 
Corps  ok  Englseers, 
U.  S.  A. 
Me  was  a  member  of  the   old 
Istlimian    C;inal  Commission 
for  several   >ears   after    1M1'. 
and  lias  had  much  varied  and 
valuable  cxi>erience  in  canal 
inatters. 


JUDtiE  Cll  ' 
Magoon,  Gc,  ok 

TUB  Canal  Zonk. 

Mr   : '   '  •      

1  ' 

11---:.       --.-.' 

Wallace,    and   he,    form    tnc 

Executive  Cotnmitleu  of  the 

present  Commission. 


The  i'rcncli  planned  a  canal  to  rise 
97/-'  f^'*-'t  above  sea-level,  bnt  that  hei.i,dit 
was  loni.j:  since  jLjiven  u]) :  am!  the  i)lans 
have  l)een  ramrinir    steadilv    downward. 


tiirou.i;h  85  icct,  (o  feet,  30  feet,  to  that 
of  the  .sea-level. 

I'.efore  enteriiijuf  u])on  the  technical  dif- 
licnlties  and  the  solviiiir  of  them,  it  is  of 


CROSS-COUNTRV  VIEW  LOOKING  SOITMEAST. 
View  from  top  of  Culebra  ridge  where  it  is  cut  by  the  canal,  looking  toward  Panama,  at  Pacific  entrance. 


420 


THE   TECHNICAL    WORLD 


curious  interest  to  note  that,  as  you  go 
northward  along  the  hne  of  the  canal, 
the  waters  of  the  Pacific  are  on  vour 
right,  toward  the  East;  and  the  waters 
of  the  Carihbean.  part  of  the  Atlantic, 
are  on  your  left,  toward  the  West!  This 
queer  topsyturvyness  is  due  to  an  S-like 
dip  of  the  Isthmus  at  that  point. 

Our  Heritage  From  the  French 

The  $40,000,000  paid  for  the  rights 
of  the  French  company  was  not  all 
wasted,  as  so  many  like  to  claim.  A  very 
considerable  amount  of  excavating  was 
done  In-  the  French,  along  the  line  we 
are  to  follow;  and,  fortunatelv,  a  con- 
siderable part  was  dug  through  the  re- 
gion where  the  problems  of  health  are 
greatest  and  the  mortality  most  severe. 
We  must  widen  and  deepen  their  ditch, 
and  clear  away  accumulated  vegetation, 
but  the  work  is  vastly  easier  than  if  thev 
had  not  been  at  work  there.  And.  though 
it  is  true  that  great  quantities  of  supplies 
of  all  sorts  were  lost  or  wasted,  sunk  in 
the  mud  or  rusted  away,  during  the  reck- 
less dishonesty  and  wastefulness  of  the 
French  regime,  great  quantities  were  also 
saved.  In  fact,  the  total  value  of  ma- 
terial and  of  warehouses  turned  over  to 
us  amounts  to  several  millions  of  dollars, 
at  their  value  to-day. 

The  Health  Problem 

Those  who  picture  the  Canal  Zone  as  a 
hotbed  of  disease,  and  those  who  picture 
it  as  a  healthful  place  for  work  or  resi- 
dence, are  alike  right  and  alike  wrong. 
Much  of  the  district,  including  that 
where,  fortunately,  the  greatest  amount 
of  work  is  to  be  done,  is  healthful.  But 
other  districts  are  dangerous  to  the  health 
of  men  from  temperate  climes ;  and 
this  is  a  factor  which  has  been  taken  into 
serious  account,  and  such  plans  have  been 
put  in  operation  as  will  greatly  mitigate 
the  danger. 

A  broad  and  humane  provision — 
worthy  of  the  United  States— is  that  all 
employees  are  entitled  to  free  medical 
treatment  and  free  medicines  during  sick- 
ness. Unusual  efiforts  are  being  made  to 
destroy  the  mosquitoes  which  transmit 
yellow  fever  and  malaria.  Alarshv  spots 
are  being  drained,  and  oil  used  'f  reel  v. 
Already  the  death  rate  is  materially  lower 
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View  from  Old  Spanish  Fort.  Looking  Southkast  toward  Islands  Guarding 
Pa«  iKic  Kntkanck  to  Canal. 

than  it  was  under  tlic  l-'rcncli.  and  it  is 
bcinjj^  stt-adily  reduced.  Tliis  is  an  im- 
portant item  from  a  financial  as  well  as 
a  humanitarian  jjoint  of  view.  In  a  .e^en- 
eral  way.  there  are  some  5.000  men  em- 
ployed i>n  tiie  Isthmus,  and  there  would 
he  hui,^'  exi)ense  if  a  j:jreat  proportion 
were  on  the  sick  list. 

Canal   dii^j^ing  is    always    dantj^erous. 
The  earth  seems  to  resent  upturniiiir.  and 
takes   its  reveufj^c.     And  this  revcn.ije  is 
liahle  to  he  i)articularly  severe  in  a  trop- 
ical climate.     lUit  at  present  it  may  fairlv 
he  said,  that  an  American  in  Panama  wlio 
takes    such    precautions 
as   sleepiiii:^   under   nets, 
avoid.in^t,^     contact     with 
the  natives,  and  drinkiuij 
boiled    water,    stands    a 
£jood  chance  of  sufFerinj.;^ 
no  evil  effects. 

In  time  the  water  suj)- 
ply  for  the  entire  Tstli- 
mus  will  he  eminently 
pood.  .\  dam  at  the 
head  waters  of  the  Rio 
Cirande  will  supply,  if 
desirtd.  an  averae^e  of 
60  g^allons  a  day  for  each 
one  of  a  population  of 
30.000.  at  the  city  of 
Panama  :  and  the  plans 
contemplate  an  extension 
of  the  system  to  Colon, 
where  at  present  the 
.«:upply  is  far  from  satis- 
factorv. 


Toputfraphical 
Cunditions 
It    is   well   to 

mind,  c!' 

I  1 . 1  t  I  M  1  ■ 

ineennj^  anrl  construc- 
:ion : 

i'roni   '.  \»- 

lantic   tern 

<  )l)ispo,     w  h  <  li  e 

lui^^hts  heiLjin.  l^  lAiuty- 

nine    miles.      This    is   a 

had     rcs:ion     from     the 

standf)oint  of  health,  hut 

presents     f  e  w     difVicult 

pnihlems  dI  enj.jineerinK'. 

The    land    is    low,    and 

nuich    of   it    is    mar.shy. 

I'or  three- fourths  of  the 

year,  heavy  rains  fall ;  and  there  is  a  thick, 

close     i^nowth     of     tropical     vejjctation. 

Poi.sonous  reptiles  are  plentiful.     W'alk- 

inc^   is  difficult,    for  every   step  must   he 

made  throu.i.,di  vines  and  underbrush  and 

soft,  oozy  nuid.     This  will  continue  until 

the   land   is   cleared.     The   dearint;  and 

i^rubbini^  alone  will  cost  Sioc)  an  acre. 

It  is  this  region  which  has  j^iven  rise 
to  the  terrible  tales  of  the  creepinpf  mist, 
"Creeping-  johnny."  the  "White  ( ihost  of 
the  Canal."  It  is  here  that  "pestilence 
walketh  in  darkness  and  de>truction 
wasteth  at  noondav."     It  is  doublv  for- 
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A  sm.ill  I 
piclir 


Part  of  thk  Canal.  Near  Colon. 
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tunatc.  therefore,  that  the  l-reiicli  thi}^ 
so  imich  of  this  for  us;  aiul  even  here 
tlie  efforts  of  our  sanitary  aj^ents  are  ef- 
feetiti<j  jjreat  aniehoratiou  of  conditions, 
[•"roni  the  I\icific  terminus  near  Pana- 
ma, to  Pedro  .Mijj;uel,  nine  miles  inland. 


evils  arc  not  allowed  to  creep  in. 
is  a    rocky    ridj^e,   the   \< 

Isthnnis;  and  the  roiue  h..    

chosen  that  the  highest  part  of  the  ; 
alontr  the  line  of  the  canal.  afTords  the 
lowest  crossing;  hetween  the  two  <■ 


0&rTl«*<T,   l#:4,   IT   Lti.t»»-.C3   t  ■.'.- 


STEAM   BARGES  AND  DREDGES  RUINED  BY  RUST  AND  DECAY. 
View  tnkcn  near  Colon. 


the  land  is  similarly  low.  with  similar 
swamps  and  underhrush.  hut  is  not.  on 
the  whole,  quite  so  had  a  section  as  on 
the  Atlantic  side;  and.  e<|ually  with  that, 
presents  only  slight  engineeriufj^  proh- 
lems. 

It  is  in  the  section  hetween  Pedro 
Mis:uel  and  Pas  Ohispo  that  the  principal 
work  of  the  canal  is  to  be  done — the  sec- 
tion known  as  the  Culehra  Cut.  This  is 
eipfht  miles  lonor — yA)\,  to  he  accurate — 
and  the  climate  is  satisfactorily  health- 
ful. The  land  is  hi.c:h.  and  the  sanitary 
care  of  the  engineers  will  see  to  it  that 


.in\  where  in  th.e  Isthmus.  The  droa<lcd 
\eilow  fever  does  not  conu-  here.  .\n<l 
it  is  interesting,  although  not  an  engineer- 
ing or  sanitary  feature,  to  note  that  the 
country  here  is  really  picture.s(|ue.  and 
parts  of  it  even  heautiful. 

Where  to  Build  the  Needed  Dam 

I  iitil  recently,  the  general  plan  was 
to  construct  the  iu(»st  important  dam  at 
P.ohio :  hut  recent  examinations  have 
shown  that  such  great  depths  would  have 
to  he  reached  to  come  to  a  fotmdation 
of  bed  rock,  that  it  seems  distinctlv  in- 
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courrrsY  OF^lcsiifS  wtrnv 


Excavating  Machine  Forming  Bank  for  Railroad 
WHICH  Conveys  Earth  Further  Down  Canal. 


advisalilc.  if  not  even  impracticable,  to 
I)lace  a  dam  there.  It  is  a  curious  fact 
that  some  of  the  earUer  engineers,  in 
experimental  borings  which  have  been 
going  on  for  years,  were  misled  into 
thinking  they  had  found  bed  rock,  when, 
as  a  matter  of  fact,  their  drills  had 
reached  only  enormous  boulders  de- 
posited by  torrential  streams  in  mighty 
floods  of  the  past.  For  changes  in  the 
physical  characteristics  of  a  country  come 
swiftly  in  a  region  such  as  this. 


The  Ijohio  site  is  outwardly  so  favor- 
able for  a  dam — the  hills  sweeping  to- 
ward each  other  to  within  a  distance  of 
1,500  feet,  and  forming  a  great  natural 
basin  where  comparatively  easy  problems 
of  dam  building  would  have  had  to  be 
encountered  had  a  rock  foundation  been 
within  reasonable  depth — that  it  is  a  pity 
the  idea  is  practically  infeasible. 

After  all.  the  highest  point  of  the 
Culebra  divide  is  but  some  300  feet  above 
the  sea — not  so  high  as  the  height  of 
some  modern  sky-scrapers ;  and  it  would 
certainly  seem  that  if  we  can  build  that 
high,  we  can  dig  that  deep ! 

It  is  planned  that  the  canal  shall  fol- 
low the  line  of  the  Obispo  river,  a  tribu- 
tary of  the  Chagres.  to  the  Culebra  sum- 
mit; and  then  that  of  the  Rio  Grande 
down  to  the  Pacific. 

At  present  the  most  approved  plan  is 
to  build  a  great  dam  at  Gamboa.  And 
this  is  the  best  and  most  feasible  point 
for  a  dam,  alike  whether  a  60-foot  or 
30-foot  canal  be  decided  upon,  or  one  at 
sea-level.  The  dam  will  require  about 
two  years  to  construct ;  perhaps  a  little 
more ;  the  work  can  be  done  for  about 
$15,000,000  or  $16,000,000,  including  the 
spillways  but  not  the  power  plant.     Be- 
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VIEW  NEAR    SUMMIT    OF   CULEBRA    DIVIDE. 
Showing  partially  completed  work  of  excavation. 
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L'ndkr  His  Own  Vine  and  Fig  Tree. 

A  typical  home  in  the  Uanana  Belt,  Chagres  River 
Valley,  Panama. 

sides  providing^  power  for  the  operation 
of  the  Panama  Railroad,  and  of  all  ma- 
chinery connected  with  the  operation  of 
the  canal,  the  dam  would  supply  water 
for  the  canal,  and  at  the  same  time  would 
control  the  almost  uncontrollahle 
Chaj^jres. 

I'ar  different  from  the  IJohio  site,  it 
has  been  found  that  the  Gamboa  is  en- 
tirely practicable,  as  numerous  borinj^s 
show  that  there  is  no  <lifficulty  in  finding' 
a  satisfactory  rock  foundation.  The 
mode  of  construction  will  be  the  buildintj 
of  a  core,  pnibably  of  concrete  ;  and  the 
filling:  in  of  the  wa.ste  from  the  Culebra 
Cut.  on  both  sides  of  the  core.  It  is  pos- 
si])le,  however,  that  the  core  will  be  of 
rock  instead  of  concrete,  but  with  the 
same  fillint:;^.  The  Chagres  at  (lamboa  is 
55  feet  above  sea-level.  The  ma.xinnnu 
depth  of  bed  rock  is  about  56  feet  be- 
low the  water-line  of  the  river  at  this 
point. 

It  is  the  intention  to  construct  a  dam 
built  to  a  crest  height  of  200  feet.  Dams 
have  already  been  built,  in  various  ])arts 
of  the  world,  as  hii^h  as  this,  .»^o  that 
there  is  nothinc^  experimental  about  it. 
The  area  of  water  surface  at  that  heij:jht 
would  be  43  square  miles.  With  the 
water  at  170  feet,  the  area  would  be  31 
square  miles.  Should  the  water  be  at 
132  feet,  the  area  would  be  15  square 
miles. 


Controlling  the  Chagres  Floods 

•Vow,  can  the  Hoods  of  the  (liaj^rcs 
be  held  and  controlled?  The  line  of 
the  river  cannot  be  departed  from.  an<l 
therefore  the  stream  must  be  cared  for 
evt^n  in  its  wildest  moods.  I'^ortunately. 
accurate  flood  records  have  been  kept  for 
fourteen  years  |)ast.  and  much  is  known 
of  the  floods  durinjj  a  lonjLjer  period. 

The  total  area  of  the  Chatxres  <lraina^e 
basin  is  1 .4(X)  S(|uare  miles,  'i'he  average 
annual  rainf.ill  is  about  130  inches.  The 
river  has  been  known  to  rise  about  40 
feet  above  low  water,  even  well  up 
amontr    the    hiirhlands.      I'>om   the  best 


Map  op  Pa!<ama  Caxal  Roi;te. 
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A  STRETCH  OF  COMPLETED  WATERWAY. 
View  taken  from  top  of  a  dredge,  looking  south  over  the  canal  from  a  point  about  four  miles  south  of  Colon. 


nrA*  <:r.i-!rrri.  c.t.wii.  at  p.wama 


\T. 


knoNvlcdgfc  obtaiiuihlc.  it  is  considered 
that  at  ( ianiboa  the  in<jst  extreme  tlood 
may  l)e  estimatetl  at  a  flow  of  iJ.S.oix) 
cubic  feet  a  sectnul  for  a  few  hours  at 
a  time,  and  at  an  avera;^'e  of  itxD.ooo 
cubic  feet  a  second  for  J 2  consecutive 
hours.  These  estimates  are  based  upon  a 
phenomenal  flood  which  occurred  a 
<|uarter  of  a  century  a^o.  before  the  time 
of  bejjimiini^  accurate  statistics.     Within 


partially    stated.     For  it   i- 

carry  the  overflow  «  <^  "' 

entirely  awav  fr,  .ni  tl 

at  first  imp 

canal  and  ot  i 

lUit    n<ithinj.f   is    i 

ridijc  t)f  the  fori.... 

and  the  rushinj^  wai 

the   farther  side,  thence  to  tincj   i 

to  the  sea.    The  wav  tnwar  '    ' 


\c. 


to 


tlie  14  \ears  of  e.xact  Statistics,  the  lloods      iicems    to   be    tbi-    >^imiil.  r 


CHAGRES   RIVER  AT  GATrN.  NEAR  ATLANTIC  TERMINI'S. 
This  is  a  p^int  on  the  Panama  Railroad,  near  «1.,  i.-  the  river  cr.  s-.  s  lliu  canal  route. 


have  not  been  so  larj^e  as  that — but  the 
lar|L,a'St  nuist  always  be  i)repared  for.  no 
matter  how  seldom  it  occurs. 

I'.ut  it  is  merely  a  matter  of  stront,' 
construction,  and  of  size,  after  all. 
Should  the  water  surface  in  the  <lam  be 
at  a  heit,dit  of  i')0  feet  when  such  a  i,^reat 
Hood  bei^ins.  with  100.000  cubic  feet  a 
second  flowin.s:  uninterruptedly  for  three 
davs.  the  water  in  the  dam  would  ri.se 
to  only  i«)0  feet  even  if  there  were  no 
outflow,  thus  leaving:,  still,  a  ^reat  mar- 
^n.  There  will  always  be  an  outflow, 
however :  and  if  there  were  only  20.00") 
cubic  feet  a  second,  that  would  hold  the 
water  level  in  the  dam  down  to  180  feet. 

The  proposition,  however,  is  thus  only 


]»reiiiiiinar\  luniiel  iiiu-«l  In-  >->nie  ten 
miles  in  leni;th.  which  is  considerably 
more  than  it  would  need  to  be  for  the 
.\tlantic  side:  but  on  the  .\tlantic  side 
the  water  would  retinire  much  more  care 
after  passing,'  throuj^di  the  tunnel,  than 
it  does  on  the  side  of  the  Pacific.  Those 
who  have  examined  the  r«>ck  tunneling' 
to  control  the  flood  water  of  the  Anio. 
at  Tivoli.  near  Rome,  will  have  an  im- 
pression of  what  it  is  planner!  to  attempt 
on  a  far  more  stupenflous  .scale  at  Gam- 
boa. 

A  tunnel  built  at  an  elevation  of  i.v 
feet,  and  of  a  diameter  of  30  feet,  would 
discharjije  floofl  water  at  the  rate  of  15.- 
000  feet  a  second :  and  there  couM  !•<•  n 
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CONGRESSIONAL  COMMITTEE  OF  INSPECTION  AT  CULEBRA. 


great  discharge  through  pipes  and  waste 
weirs  in  addition. 

The  Great  Culebra  Cut 

The  cutting  of  the  Culehra  divide  to 
sea-level  is  now  the  most  difficult  feature 
of  the  canal  problem  ;  but.  after  all.  it  is 
merely  a  matter  of  excavating,  and  at  the" 
same  time  providing  against  the  possi- 
bility of  landslides.  This  last  danger  will 
be  obviated,  if  the  original  ideas  are  car- 
ried out.  by  lining  the  cut  with  masonry. 


eCPYBiGHT,  1904,   BY  UNnEflwOOD  *   UNIERWOOO. 

Disastrous  Results  of  the  Frenchman's  Folly. 

Many  millions  were  thus  lost  in  idle  and  decaying 

machinery. 


with  vertical  faces,  and  having  great 
shelves  30  feet  or  even  more  in  width. 
There  must  be  no  danger  of  the  mountain 
sides  coming  tumbling  down  ;  and  there- 
fore no  expense  will  be  spared  in  preven- 
tion. 

For  the  excavating,  a  series  of  great 
shovels,  of  American  build,  are  being  in- 
stalled ;  and  careful  estimates,  made  dur- 
ing many  days,  have  shown  that  the  cost 
of  excavation  here  will  be  but  50  cents 
a  cubic  yard,  instead  of,  as  first  estimated, 
80  cents.  This  will  make  a  great  lessen- 
ing of  the  total  expense.  Each  shovel  is 
expected  to  remove,  on  an  average,  1,000 
cubic  yards  of  rock  a  day.  At  this  rate, 
the  Culebra  Cut  can  be  dug  out,  as  soon 
as  100  shovels  are  installed, and  tracks  are 
properly  arranged  for  handling  the  ma- 
terial, at  the  rate  of  30,000,000  cubic 
}ards  a  year.  Faith  and  steam  shovels 
can  remove  mountains. 

With  the  general  installation  of  elec- 
tricity along  the  canal  line,  night  shifts 
could  be  set  to  work,  should  it  seem  de- 
sirable ;  and  thus  the  work  would  be 
greatly  facilitated. 

A  Tidal  Lock  Needed 

Although  the  canal  is  now  almost  cer- 
tain to  be  a  sea-level  waterway,  it  cannot 
be  constructed  without  a  lock !  This 
seems  odd,  at  first  thought,  because  water 
ought  to  be  at  the  same  level  on  either 
side  of  the  Isthmus.     But,  although  the 
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mean  level  is  the  same,  the  tidal  ihictua- 
ti(Mi  is  very  difFereiit.  At  Colon,  this 
tluctuation  is  less  than  two  feet.  At 
I'anania.  hi^h  tide  is  ten  feet  ahove  the 
mean  sea-level,  aiul  low  tide  is  ten  feet 
helow  the  mean  levt-l.  makint^  a  tlnelna- 
tion  of  twrnty  feet.  .\  tidal  lock,  there- 
fore, will  he  imperatively  needed :  and 
the  natnral  place  indicated  for  this  is  at 
Miratlores,  a  short  <listancc  from  the 
i'acitic  terminus.  The  proposed  lock  will 
he  i.ocxi  feet  lonv,'.  and  hnilt  ni)oii  ruck- 
foundations.     It  will  have  concrete  walls 


under  which  the   work  is 

that   it   he   made   suit:  '  ' 

largest  tonnage  and 

se!s  of  such  dimensions  **as  may  reason- 

ahly  he  anticipated."      \o 

ever,  was  the   lenj^th  of  tl 

at   740   feet  than   it   was  |i 

steamer  was  actually  under  construction 

which  was  to  he  lonj,jer  than  that!     At 

present,  it  is  plaimed  to  have  tin     ' 

of  a  depth  of  35   feet,  with  a  mi 
hottom   width   of    150   feii.      It    is    rei  •  -; 
nized   that   the  ap|)roach   to    .\'ew    York 
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SOME  OF  OUR  ALLIES  IN  THE  TROPICS. 

group  of  Panama  soldiers.-General  Huertas.  hero  of  many  baltles  and  idol  of  the  Pnnam»  ^"l']'- 
resiEned.  is  here  shown  surrounded  by  ofticers  of  his  stall.     He  is  the  hltlc  man  the 
breast  of  whose  tunic  is  covered  with  decoration*. 


e.  wbo  bat  recently 


throufjhout.  except  the  (pioins.  llie  tops 
of  the  miter-sill  walls,  and  the  exposed 
inlets  and  outlets  of  the  culverts.  Tlie 
gates  will  be  of  steel.  It  will  he  of  twin 
construction,  with  t^aiard  .crates  at  either 
cm\,  so  that  there  will  he  no  delay  to 
traffic  durintj  repairs.  It  will  also  he 
fitted  with  intermediate  grates,  to  facilitate 
the  passaj^^e  of  the  smaller  class  of  ships. 

Dimensions  of  the  Canal 

Of  just  what  dimensions  to  construct 
the  canal,  is  a  vital  question.     The  law 


Harbor  is  t«)  be  deepened  to  40  feet:  hut 
it  is  thoujrht  that  it  will  he  soon  enouj^h 
to  make  the  canal  of  this  depth  when  the 
ships  actually  draw  that  much  water. 
The  Kiel  Canal,  in  (lermany.  Cfumectinjj 
the  I'.altic  and  .North  Seas,  and  the  Suez 
Canal,  are  each  under  30  feet ;  the  N'orth 
Sea  or  .\msterdam  (anal,  in  Holland,  is 
*but  .^2.S  feet ;  the  .Manche'^ter  Ship  ("anal 
is  hut  26  feet.  With  a  canal  at  sea-level, 
needful  chanties  of  depth  can  he  made  at 
infinilelv  less  trouble  and  '  ^  •"  ''se  than 
with  a  I  aii.d  having  luimei  ks. 
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Harbor  Works  Necessary 

Tliorc  arc  numerous  other  proljlcms  to 
be  met,  but  all  seem  insignificant  beside 
the  great  ones  of  Culebra  and  the  dam. 
For  example,  an  outer  terminal  harbor 
nnist  be  c«jnstructed  al  Colon,  even 
though  it  will  not  be  necessary  for  more 
than  five  days  in  the  year,  it  being  for 
not  more  than  five  days  that  the  n(M-thcr 
blows  which  renders  the  harbor  untenable 
for  shipping.  \\'e  must  prevent  the  pos- 
sibility of  our  ships  of  war  being  com- 
pelled to  put  to  sea  for  safety  just  when 
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Guardians  of  Peace  and  Safety. 

Boy  soldiers  forming  part  of  a  frontier  guard  of  tlie  regular 

Panama  armj-.— The  officer  is  American. — 

View  in  Bayano  River  valley. 

their  presence  is  critically  demanded  ;  and 
therefore  it  is  planned  to  build  a  break- 
water across  the  mouth  of  Limon  Bay, 
from  the  light  on  Toro  Point  to  Colon 
Light.  It  will  probably  be  constructed 
in  tw^o  parts,  each  about  4.000  feet  in 
length,  with  an  opening  of  800  feet  be- 
tween. The  rock  will  come  from  Cule- 
bra, thus  making  no  expense  for  quarry- 
ing. 

Provision  for  Employees 

Arrangements  for  the  housing  and 
treatment  of  employees  above  the  rank 
of  laborer,  are  on  a  liberal  scale.  They 
will  be  carried  to  the  Isthmus  free,  from 
New^  York,  Ne\v  Orleans,  or  San  Fran- 
cisco, and  their  families  will  be  given 
special   rates.     For  some,  there  will  be 


house  rent  free.  Vacations  will  be  lib- 
eral, especially  if  on  account  of  sickness. 
In  a  country  where  all  supplies  are  im- 
j)orted,  marketing  is  a  great  problem ; 
and  the  Government  will  conduct  a  com- 
missary department,  where  employees 
may  buy  at  government  rates. 

Employees,  except  engineers  detailed 
from  the  Army,  appointees  confirmed  by 
the  Senate,  and  laborers,  are  to  enter 
under  Civil  Service  rules  and  after  se- 
curing places  on  the  eligible  list.  Any 
one  desiring  information  in  regard  to 
these  points,  should  write  to  the  Civil 
Service  Commission  and  the  Isthmian 
Canal  Commission,  at  Washington. 

Sea-Level  vs.  Lock  System 

The  advantages  of  a  sea-level  canal 
are  many  and  great.  In  a  country  of 
terrific  earthquakes,  it  cannot  be  esti- 
mated what  damage  such  earthquakes 
may  do.  They  might  at  any  time  neces- 
sitate the  practical  rebuilding  of  large 
sections,  and  of  smashed  locks.  There 
will  be  vastly  less  danger  of  heavy  loss 
if  the  canal  be  all  on  one  level;  and  re- 
pairs will  be  comparatively  easy.  The 
entire  problem  of  repairs,  indeed,  will 
under  the  sea-level  plan  be  simpler  for 
accidents  of  any  kind. 

A  sea-level  canal  w^ould  permit  of  prac- 
tically unrestricted  traffic,  and  of  easy 
w'idening  and  deepening  at  any  time ; 
whereas  a  lock  canal  would  involve  such 
expense  and  delay  as  to  make  it  prac- 
tically prohibitive. 

Instead  of  having  to  be  strongly 
guarded  throughout  its  entire  length,  es- 
pecially during  a  war,  with  special  bodies 
of  troops  at  each  lock,  little  more  would 
be  needed  for  a  sea-level  canal  than  a 
guard  at  either  end.  \\'ith  a  lock  canal, 
there  would  be  many  points  of  danger 
from  dynamiting  by  some  enemy,  and 
such  consequent  damage  as  would  de- 
stroy the  use  of  the  canal  during  the  war. 
\\\{\\  a  sea-level,  all  such  dangers  are 
minimized. 

A  sea-level  canal,  moreover,  will  con- 
stantly facilitate  the  passage  of  the  im- 
mense commerce  which  is  certain  to  go 
through.  And  within  a  possible  ten  years 
— within,  assuredly,  not  more  than  fif- 
teen— the  great  canal  will  be  open,  and 
the  stupendous  task  will  have  been  tri- 
umphantly achieved. 


Steam  Superheaters 

Recent  Progre^»  in   tlieir  Construction 


By   MAUKICL   MILT 


Till-,  priiicipai  rcMiIts  dt-vflnpiMl  hy 
tlic  many  experiments  nuulc  dur- 
ing the  past  forty  years  in  the 
use  of  superheateil  steam,  have 
been  to  l)rinjL;'  out  the  e.\cee(hn|L,dy  deh- 
cate  character  of  the  superlieatini;  aj)- 
paratus  that  has  l)een  evolveil.  and  to 
show  the  difficulty  of  properly  main- 
taining; it.  the  irreijularity  of  its  action, 
and  frequently  the  ephemeral  nature  of 
its  life. 

So,  in  spite  of  the  coal  savinj;^  shown 
by  superheaters.  fre(|uently  amountinj^  to 
as  much  as  jo  per  cent,  the  more  deli- 
cate types  have  been  abandoned.  ( )n  the 
other  hand.  imi)r(»vements  made  in  recent 
years,  especially  by  the  substitution  of 
cast  steel  for  cast  iron  and  by  the  elimina- 
tion of  concealed  joints,  have  made  it 
possible  j^reatly  to  simplify  and 
strenjjfthen  the  construction.  As  a  con- 
sequence of  this,  the  use  of  the  super- 
heater has  become  very  extensive,  espe- 
cially in  Germany,  in  connection  with  en- 
j^ines  dcsi«:;^ncd  to  use  steam  at  temper- 
atures of  from  ^J^°  to  ftj-:,°  F. ;  and  it 
is  thoui^bt  that  the  same  will  .soon  be 
true  in  I'rance.  where  superheaters  had 
their  birth  and  where  they  were  first 
used. 

General  Principles  of  Construction 

The  general  princi])le  followed  in  su- 
perheater construction  has  been  to  make 
them  of  a  nest  of  tubes  to  be  traversed 
by  the  steam,  placed  either  in  the  fire- 
box of  the  boiler  itself  or  at  some  other 
point  in  the  course  of  the  hot  ceases :  or 
away  from  the  boiler  alto.ijether,  where 
the  superheater  may  be  heated  by  its  own 
fire.  In  either  case,  the  nest  of  tubes 
must  satisfy  the  same  conditions  as  far 
as  circulation  of  the  steam  is  concerned. 

It  is  important  to  have  a  surface  of 
sufficient  extent  to  obtain  the  desired  ef 
feet,  without  nlvolvinir  the  necessity  of 
raising  the  tubes  to  too  hiijh  a  temiier- 
ature  regfardless  of  the  amount  of  steam 
flowing-  through    them.     Tubes    uniting 


two  Collectors  of  d: 

rangenients.  ought      ■     .     . 

anieter,  s»j  that  the  Ivaiin-  ~ 

obtainetl  sliall  occii:  ami 

the  steam   thus   be  kvpi  in  i  with 

the  walls  by  which  it  i-  •     ' 

In  order  that  the  re-  jas- 

.sagc  of  the  steam  may  be  rcdiicc«l  to  a 
miminum.  after  having  deci<Ied  ui)on  the 
diameter  of  the  tubes,  it  is  better  that  the 
headers  used  should  be  placed  in  parallel 
than  in  .series,  an<l  that  the  several  head- 
ers shoidd  be  as  short  as  possible.  It 
is  (|uite  true  that  this  arrangiinent  offers 
the  disadvantage  of  nudtiplying  the  num- 
ber of  joints  of  these  tubes  upon  their 
two  headers;  ami.  to  u.se  it,  it  will  be 
necessary  to  have  either  an  extra  joint 
«)r  a  well-fitted  threa<l. 

The  tubes  of  a  superheater  ought  to  be 
placed  side  by  side,  with  sutTicient  space 
between  them  for  the  passage  of  the 
gases.  I'or  superheaters  connected  in 
any  way  with  the  fire-box  of  a  boiler,  the 
volume  of  whose  gases  is  always  sufficient 
for  the  work,  means  shoiil  I  be  ado])te(I 
to  regulate  the  heat  of  the  nest  by  the 
use  of  a  damper  permitting  a  variatif)n 
in  the  (|uantity  of  ga.ses  allowed  to  pass. 
In  superheaters  having  an  imlependent 
fire-lxix.  it  may  be  necessary  to  dilute  the 
gases  coming  from  the  fire  by  an  excess 
of  air — which  improves  the  combustion 
while  lowering  the  temperature  of  the 
pn 'ducts  of  the  same — .so  as  not  to  exiK)se 
the  tubes  of  the  first  row  to  the  dangers 
of  burning.  The  natural  result  of  this 
arrangement  is  that  when  these  i':"-- 
leave  the  superheater  they  still  < 
with  them  a  considerable  (|uantity  of  heat 
that  it  is  well  to  utilize  in  an  economizer. 
In  the  above  cases,  some  sort  of 
apparatus  should  he  provided  for  the 
guidance  of  the  fireman  in  the  a<ljustmcnt 
of  the  clamper  and  the  regulation  of  the 
fire.  I'or  this  :■'"-"-■  '•<!  f(»r  some 
years  pa.st.  a  ther  been  placed 

in  the  steam  at  the  point  where  it  leaves 
the  sui>erheater.    But  the  reading  of  this 

(III) 
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tliennonicter  merely  indicates  the  effects 
of  the  work  of  the  fireman,  and  fails  to 
indicate  in  advance  what  he  oui^ht  to  do, 
so  that  it  acts  rather  as  a  controller  than 
a  suide.  l-\irtherniore.  in  case  of  a  con- 
siderahle  diminution  or  an  actual  stop- 
pajje  of  the  flow  of  steam,  this  thermom- 
eter placed  really  outside  the  superheater 
cannot  indicate  what  is  g-oin.s:  on  within, 
where  the  tuhes  may  become  red  hot 
without  so  much  as  attracting;:  the  atten- 
tion of  the  fireman.  Such  an  arrange- 
ment of  the  thermometer  is,  therefore. 
insufficient,  at  least  where  the  work  can 
vary  to  any  great  extent  and  through 
periods  of  variable  duration. 

better  results  have  been  obtained  by 
the  observation,  not  of  the  temperature 
of  the  steam,  but  of  the  hot  gases  at  some 
convenient  point  in  their  course.  In  fact. 
bv  taking  into  consideration  the  fall  in 
temperature  of  the  gases  in  their  passage 
over  the  nest  of  tubes  of  the  superheater, 
it  can  readily  be  ascertained  whether  the 
amount  of  heat  given  up  by  them  is  pro- 
portioned to  the  steam  delivery — that  is 
to  say,  whether  the  fireman  is  doing  his 
work  properly.  In  this  it  has  been  found 
that  the  temperature  taken  at  any  point 


O  Hecxting   Surface 

Fig.  1.     Curve  Diagram  of  Temperatures  of  Gases. 

whatever  in  the  course  of  the  gases, 
should  remain  practically  constant  for 
different  amounts  of  steam  delivery. 

Again,  observations  of  practical  work- 
ings show  that,  on  account  of  the  mass 
of  masonry  wdiich  surrounds  the  fire-box, 
and  wdiich  is  an  essential  feature  in  the 
construction  of  a  superheater,  the  tem- 
perature of  the  gases,  as  they  reach  the 
nest   of   tubes,   changes   very   slowly    in 


spite  of  any  sudden  opening  of  the  doors 
for  firing,  or  other  similar  influences.  At 
the  same  time,  the  temperature  of  the 
gases  leaving  the  superheater  is  very 
even,  or,  at  least,  it  changes  very  slowly 
through  rather  narrow  limits. 

This  does  not  hold  true,  however,  in 
the  space  between  the  terminals ;  and, 
if  we  lay  out  the  heating  surface  of  the 
apparatus  on  the  axis  OX  (Pig.  i),  and 
indicate  the  corresponding  temperature 
of  the  gases  by  the  ordinates  at  each 
point,  a  curve  like  /  will  be  obtained  if 
the  work  of  the  superheater  is  good ; 
one  like  i*.  if  the  heat  is  excessive ;  and 
one  like  j,  if  it  is  insufficient.  In  fact, 
in  the  last  case,  the  first  rows  of  tubes 
are  quite  able  to  absorb  the  greater  part 
of  the  heat  furnished  them,  wdiile  the 
back  rows  do  not  work  at  all.  Finallv.  if 
the  flow  of  steam  is  stopped,  while  the 
heat  continues  unchecked,  a  curve  like  4 
is  obtained,  wherein  the  gases  are  no 
longer  cooled  by  the  nest,  but  merely  to 
a  slight  extent  by  the  masonry. 

This  figure,  obtained  experimentally 
with  a  large  superheater  of  recent  con- 
struction, shows  that  at  some  point  in 
the  surface,  such  as  ;;;.  there  is  a  region 
in  which  the  variation  of  temperature  mh 
and  mc  is  at  a  maximum  ;  and  that  if  a 
thermometer  were  to  be  located  there  in 
such  a  way  as  to  maintain  the  indicated 
temperature  near  uia,  it  would  forestall 
any  variation  of  steam  output,  instead  of 
following  it.  In  fact,  the  steam  temper- 
ature only  follows  the  fire  variations  after 
some  time  has  elapsed,  the  metal  of  the 
tubes  forming  a  sort  of  calorific  balance 
wdieel.  as  it  w^ere. 

Le  Chatelier  Pyrometer 

The  Le  Chatelier  pyrometer  with  a 
galvanometer  attachment  and  a  dial  read- 
ing directly  up  to  a  temperature  of  1,100° 
F.,  is  the  most  convenient  thermometer 
to  use  for  this  purpose.  This  instrument 
(Fig.  2)  makes  it  possible  to  observe 
the  work  of  the  tubes  very  easily, 
throughout  the  several  sections  of  the  ap- 
paratus, by  admitting  that  the  work  of 
transmission  of  heat  is  proportional  to 
the  excess  of  temperature  of  the  gases 
above  the  metal  at  any  particular  point. 
This  excess,  in  fact,  is  measured  as  fol- 
lows : 
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A  wire  of  iron  and  one  of  constanttin 
(a  special  metal  useil  in  these  pyrome- 
ters) are  united  with  a  twisted  knot.  Tlie 
iron  wirt-  is  passed  throujjjli  an  insulatinij 
tube    of   earthenware    or   porcelain,   an<l 


f^'yelain  Tuh&  Knot-, 
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Iron*  Constantan 
Fig.  2.     Diai^kam  ok  LeChatki.ikr  Pvkomktkr. 


fastened  to  one  of  the  terminals  of  a 
s.,Mlvanometer  of  the  proper  sensitiveness, 
while  a  second  iron  wire  leads  fmm  the 
other  terminal  to  the  pipinj^^  of  the  super- 
heater. 

The  end  of  the  tuhe  is  then  introduced 
into  the  chamber  containinij  the  nest  of 
the  superheater,  an<l  tlie  wire  of  con- 
stantan broui^ht  into  contact  with  one  of 
the  tul)es,  when  a  detlection  of  the  .q;al- 
vanonieter  needle  is  obtained.  The  tem- 
perature of  the  knot  is  supposed  to  be 
the  same  as  that  of  the  medium  in  which 
it  is  placed  ;  and  the  point  of  contact  with 
the  tube,  that  of  the  tube  itself:  when 
the  difFerenti.il  electromotive  force  whidi 
appears  will  be  pro])ortional  to  these  two 
temperatures. 

It  would  .seem,  then,  that  the  use  of 
an  electric  pyrometer  properly  i)laced  in 
the  course  of  the  tire-box  erases  would 
serve  to  protect  the  tubes  ai^ainst  beinj,^ 
heated  to  redness,  and  thus  preserve  them 
from  undue  deterioration. 

Modern  Improvements 

In  the  old  superheaters,  a  system  of 
natural  circidation  was  used,  which  pos- 
sessed the  disadvantaj^e  of  exposing-  tin- 
tubes  to  overheating  from  the  very  hot 
j^ases  when  they  were  not  bein.y^  cooled, 
on  account  of  the  hij^h  temperature  of 
these  .erases  as  the\  tlowed  over  them. 
At  present,  comi)aratively  fresh  steam 
is  used  at  the  entrance,  .so  as  to  take  up 
the  heat  of  die  teases  as  they  leave  th.e 
fire-box,  and  thus  to  protect  the  first 
rows  of  tubes. 

Other  practical  details  have  also  l)cen 
subjected     to     important    improvements, 


such  a>  the  n 

ing   the   tub* 

struclion  uf 

peraturcs.  the  jacketing,  etc. 

proveinents  made  in  the 

superheaters,  have   •       '•  m   ni   uku    u.-e 

in   .service   where,    i  thr   ^nviiu'^   in 

fuel,  they  also  effect  a  ^ 

the  condensing;  and  feed  waters,  b 

permittinj,'  a   reduction   in   the    '  i 

and    weij.,du   of   pipinj;  and    val.  id 

avoidinj.;  all  entrainnient  of  water, 

in  the  matter  of  the  wear  and  lubrica- 
tion of  en|.;ines,  oiK  are  now  available 
that  will  preserve  their  lubricntine  <|nali- 
ties  at  a  temperature  of  57;  while 

the  dry  lubricants — such  as  graphite. 
sul|>hur.  and  talc — are  available  for 
hij^her  tern,  cratures.  besi<les  afldin^  no 
oil  to  the  water  of  condensation.  an«l  con- 
secpiently  none  to  the  boiler  feed. 

The  precedinj.,'  principles  have  been  ap- 
|)lied  all  aloujL;  the  line  by  the  builders  of 
superheaters,  with  many  interestinjjf  va- 
riations. 

It  is  not  the  intention  to  enti-r  upon 
an  historical  sketch  of  su|)erheatinj;, 
which  would  be  for  the  most  part  a  re- 
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SCHMIDT  SUPERHEATER. 
Fig.  5.   Longitudinal  section  on  EF.—Y\z.  6.   Cross-section  on  CD.- 


-Fig. 


Fig.  6. 


Horizontal  section  on  AB. 
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Fig.  7. 

cital  of  the  names  of  builders  whose  ap- 
paratus is  no  longer  in  existence,  but  to 
present  those  whose  apparatus  is  to-day 
at  work,  and  to  whom  the  development 
of  the  present  industry  is  due. 

It  may  be  well,  however,  to  mention 
the  apparatus  of  Becker  (  1827)  :  Tre- 
withik  (1828);  Raffard  (1848);  De 
Ouillac  (1849)  :  TNloncheul  (1850)  ;  and, 
above  all,  Hirn  (1855),  whose  work  dem- 
onstrated beyond  all  peradventure  that 
superheating-  does  effect  an  actual  and 
important  saving. 

Uhler  Superheater 

The  Uhler  superheater,  recently 
brought  out  in  Germany,  is  of  an  old 
model,  with  gas  tubes  in  a  cast-iron  box, 
which  has  given  way  to  numerous  im- 
provements. 


Schwoerer  Superheater 

Before  speaking  of  the  multitubular 
superheaters  in  use,  attention  should  be 
called  to  the  Schwoerer  apparatus  shown 
in  Figs.  3  and  4.  which  has  been  ex- 
tensively used  with  very  few  failures. 
This  design  is  directly  derived  from  that 
of  Hirn.  It  is  formed  of  a  series  of  cast- 
iron  tubes  traversed  by  the  current  of 
steam  and  provided  with  a  double  row 
of  inner  ribs  like  those  of  the  Serve  tube, 
but  less  pronounced  ;  while  on  the  out- 
side there  are  transverse  ribs  like  those 
of  a  radiator.  The  builder  has  thus  se- 
cured an  amount  of  heating  surface  with- 
in a  given  space,  which,  while  not  up  to 
that  of  the  most  recent  superheaters,  is, 
nevertheless,  a  great  advance  over  that 
of  Hirn.  Such  an  apparatus,  when  made 
of  hard  cast  iron,  will  carry  a  pressure 
of  170  lbs.  per  square  inch. 

Gehre  Superheater 

The  Gehre  superheater  is  formed  of 
one  or  more  cylinders,  whose  flat  ends 
are  perforated  v\'ith  holes,  and  stayed  by 
a  nest  of  tubes  like  a  locomotive  boiler. 
The  fire-box  gases  pass  through  these 
tubes,  and  the  steam  circulates  around 
them.     The   loss  of   weight    v/hich    the 
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steam    experiences    in    this   apparatus   is 
insi}.jiiirtcant.  while  it  does  re(|uire  a  <le 
ci(le«l  incriasf  of  draui^lit. 

Deck  Superheater 

Tlie  Deck  Mipirlicatir  r«.-M.iiil)ks  liu- 
Schwcerer  ai)paralu>.  except  that  the  ex- 
ternal ribs  on  the  tuh.es  are  loiiijiiudinal. 
thus  increasin.i;  the  jjassaj^e  for  the  <jases. 
an«I  slij^htlv  (K-creasin^'  the  hulk  of  tlu- 
w  hole 

Recent  German  Desiifns 

hurinij  recent  year.s  a  j^nal  deal  of 
work  has  heen  done  hy  ( iernian  desij^n- 
rrs.   anions    whom    tlu'   more   prominent 


are   Schmidt.   Walthcr.  Ciohn 

Mcr.     !■ 

.u;ne,  anil   W  oil. 
pttssihle,  within  the  limits 
to  di--cril>r  tl 
NO  that  attenii'  n   w  ui  uc 
— namely.   .^chmi«lt    and    ' 
devices    have    l)cen 
( irrnian\  an- 1  Austria,  a.s  wi-ll  as  In  ^' 
extent  in  I  r;ince. 

The  Schmidt  Apparatu<> 

.Schmidt  was  the  hr-'    >  '    ■    .M..,.,,.t.  .t 
to  raise  his  temperatn: 
which  had  previously  been  coi 
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BOILER  FITTED  WITH  SCHMIDT  SIPERHEATKR. 
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highest  Hiiiit  oi  practical  working.  He 
conceivetl  the  idea  of  raising  the  tem- 
perature of  the  steam  to  675°  ¥.,  a  point 
at  which  good  oils  still  remain  intact. 

The  Schmidt  superheater  (Figs.  5.  6, 
and  7)  is  the  first  of  a  type  having  long, 
parallel,  hcnt  tubes,  cc^mecting  two  paral- 
lel  headers.      With   this   device,   the   su- 


intended  for  the  production  and  use  of 
superheated  steam  at  and  above  575"  F. 
]  ie  was  probably  the  first  to  realize  that 
in  order  to  produce  superheated  steam 
advantageously,  it  was  well  to  reduce  the 
boiler  in  the  neighborhood  of  the  fire-box 
(Figs.  8  and  9),  and  thereby  avoid  the 
development  of  a   heating  surface  each 
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Fig.  10. 


Fig.  10. 

HERING  SUPERHEATER. 
LonBitudinal  section  on -4 i5.— Fig.    11.   Cross-section  on /P^. 


Fig.  11. 


perheating  improves  as  the  flow  of  steam 
increases,  for  whatever  is  lost  in  pressure 
is  gained  in  temperature.  In  order  to 
avoid  the  disadvantages  of  a  fixed  cir- 
culation, and  relieve  the  first  rows  of 
tubes  exposed  to  the  hot  gases.  Herr 
Schmidt  divides  his  nest  of  tubes  into 
two  parts  traversed  successively  by  the 
steam,  and  thus  sets  up  two  distinct  nests 
with  four  cast-iron  headers.  The  first 
nest  is  traversed  by  the  steam  in  the 
same  direction  as  the  fire-box  gases,  and 
so  as  to  take  the  damp  steam,  as  it  comes 
from  the  boiler,  into  the  tubes  subjected 
to  the  direct  heat  from  the  fire-box.  On 
leaving  the  first  nest,  the  steam  passes 
through  the  second  in  the  regular  way. 
This  method  has  all  of  the  advantages 
of  the  regular  circulation  throughout  the 
whole  of  the  superheater,  if.  on  leaving 
the  first  nest  of  tubes,  the  steam  has 
merely  been  dried  and  not  superheated 
at  all.' 

Herr  Schmidt  has  designed  some  ar- 
rangements for  both  boilers  and  engines 


square  foot  of  which  becomes  less  and 
less  efificient  according  as  it  is  more  and 
more  removed  from  the  bridge  wall. 

It  is  certainly  a  rational  move  to  do 
away  with  the  less  efficient  portions  of 
the  heating  surface,  and  to  replace  them 
either  with  a  superheater  to  which  the 
gases  are  delivered  at  temperatures  of 
from  925°  to  1,475°  F.,  or  with  an  econ- 
omizer into  wdiich  the  feed-water  is 
pumped,  and  which,  being  cold  and 
placed  near  the  outlet,  absorbs  heat  that 
it  would  be  quite  impossible  for  the  boiler 
to  take  up. 

The  Schmidt  boilers  deliver  super- 
heated steam  directly,  and  are  built  on 
principles  that  other  makers  are  begin- 
ning to  copy.  These  special  arrange- 
ments make .  it  possible  to  apply  the 
Schmidt  superheater  to  locomotive  boil- 
ers without  any  essential  modification 
and  without  interfering  in  any  way 
with  the  draught.  In  the  case  of  sta- 
tionary boilers  of  the  same  class,  but 
having  larger  tubes,  another  arrangement 
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permits  the  placing:  <^f  the  L-.shape«l 
tuhes  funiiiiij^  the  iiest  of  the  tire  IuIk  - 
themselves  without  injurinj;  the  stiaiii 
production. 

The  Herind  Apparatus 

The  1  lerin.i;  superheater  ( I'ij^s.  lo  and 
II)  is  formed  of  weldless  tul)es  l()4  feet 
long'.  These  tuhes  are  hent  into  parallel 
sinuosities,  and  enter  headers  at  each  end 
in  a  way  to  leave  the  ioints  perfectly  ac- 
cessihle  from  the  outside.  .\ii  arran,i;e- 
ment  of  dampers  makes  it  po.ssihlc  to 
rej^ulate  the  rani,a'  of  tem])erature  within 
narrow  limits.  The  circulation  of  the 
g^ases  is  so  controlled  that  a  deposition 
of  soot  upon  the  tulxs  is  avoided  :  and  the 
numher  of  the  latter  is  such  that  the 
velocity  of  flow  of  the  steam  need  not 
be  more  than  82  feet  per  second. 

Most  Recent  Types 

In  most  recent  years,  the  types  of  prac- 
ticable superheaters  have  not  been  nu- 
merous, in  spite  of  the  veritable  delug^e 
of  inventors  who  have  appeared  since  the 
Paris  Exposition  of  1900;  and  the  sys- 
tems presented  have  little  of  interest. 
Hence  only  those  devices  will  be  cited 
which  have  receivetl  a  ])ractical  a])])lica- 
tion,  to  the  exclusion  of  those  subjected 
merely  to  laboratory  cx])eriment. 

I'irst.  there  is  the  old  I'hler  apparatus, 
recently  revived  and  remodeled,  in  which 
is  embotlied  the  orij^inal  principle  of  the 
I'ield  tubes,  set  up  in  chambers  having^ 
a  double  bottom,  but  usinij;-  steel  instead 
of  cast  iron  for  the  box.  and  with  a  con- 
ical thread  for  a  fastening^.  The  box  is 
extended  out  to  the  masonry  by  two  tubes 
for  the  admission  and  outlet  of  the  steam, 
with  joints  that  are  not  accessible  (  I'ij^s. 
ij.  13,  and  14).  The  return  I'ield  tubes 
haditifj  to  the  lower  box.  are  no  long^er 
subjected  to  a  possible  clotjijin.c:  by  the 
scale  which  may  have  been  entrained, 
and  which  would  have  a  tendency  to  ac- 
cumulate at  the  bottom  and  cause  them 
to  burn  out.  The  external  deaninc:  "f 
the  tul)es  is  made  easy  by  removal  of 
the  false  pieces.  The  circulation  of  the 
gases  is  maintained  in  such  a  way  that 
the  saturated  steam  on  its  entrance  serves 
at  the  same  time  to  protect  the  tubes 
from  the  direct  action  of  the  flames,  and 
to  absorb  the  heat  of  the  o^ases  as  they 
leave,  in  the  regular  way.    This  arrange- 


ment lend.N  Itself  to  the 
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with   the  same  amount  of  heatnig  sur- 
face. 

In  the  Hadere  -•• ' •   •    ••      -  i       • 

avoid  the  complii 

or  cais.son.  as  in  the  L'hler  uis.  the 

I'ield   tubes  are  not   u-  •    L'  tr' 

whose   two  ends   abut    1.    jM.iivelv    in    • 
two  compartments  set  side  bv  side  and 
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into  the  bottom  of  which  they  are  in- 
sertefl.  A  connnon  cover  of  the  two, 
forms  a  joint  all  around  them, 

.M.  .Maiche  uses  tubes  of  iron  or  mild 
steel,  as  in  other  nuiltitubular  a|)paratus, 
but  of  a  larger  diameter.  The  originality 
of  this  apparatus  consists  in  filling  the 
interior  of  the  tubes,  where  the  steam 
pas.ses.  with  a  nest  of  thin  tul>es  packed 
closely  against  each  other,  wh  '       * 

is  to  take  the  place  of  inner  n...     ..  ...- 
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Serve  tubes  forming  the  heating-  surface. 
At  first  sight  it  would  seem  illogical 
to  i)rovi(le  these  tubes  with  ribs  upon  the 
inside  only,  and  not  upon  the  outside. 
iUit  it  should  be  noted  that,  under  these 


Chimney 


Fig.  13. 


Fig.  14. 

Uhler  Superheater,  with  Independent   Fire-Box. 

Fig.  13.   Vertical  section  on  ^fN. — Fig.  14.    Horizontal 
section  oa.AB  CD EF. 

conditions,  the  metal  approaches  more 
nearly  the  temperature  of  the  steam  than 
that  of  the  fire-box  gases.  The  conse- 
quence is  that  the  tubes  thus  protected 
are  better  able  to  support  high-temper- 
ature gases,  which  is  an  advantage  from 
the  standpoint  of  the  preservation  of  the 


material  and  economy  of  operation  by 
])ermitting  a  reduction  in  the  quantity 
of  free  air  admitted  above  the  grate.  The 
installations  of  this  apparatus  in  practical 
operation  are  not  yet  old  enough  or  nu- 
merous enough  to  permit  of  judgment 
being  passed  upon  the  real  value  of  the 
results  that  have  been  obtained. 

The  firm  of  Piat  &  Company  of  Paris 
have  recently  undertaken  the  construction 
of  a  new  German  superheater  known  as 
the  Schmidt  Eindhoven. 

A  large  number  of  boiler-makers  have 
recently  designed  arrangements  by  which 
nests  of  superheaters  can  be  attached  to 
boilers.  These  arrangements,  some  of 
which  are  original,  make,  as  a  general 
thing,  no  pretense  to  the  use  of  an  in- 
dependent fire-box.  The  Roser  ap- 
paratus may  be  cited  as  an  example  of 
this.  It  is  formed  of  a  thick  block  of* 
cast  iron,  surrounding  three  sides  of  the 
fire-box  above  the  grate.  Within  the 
body  of  this  wall,  are  embedded  the  iron 
pipes  through  which  the  steam  to  be 
superheated  is  passed.  As  this  arrange- 
ment admits  of  no  regulation  of  the  tem- 
perature of  the  steam,  it  can  merely  be 
admitted  that  the  steam  will  be  super- 
heated to  a  temperature  far  above  the 
point  needed,  so  that  it  is  mixed  with  a 
definite  amount  of  saturated  steam  ad- 
mitted through  a  special  cock.  This  de- 
vice is  of  comparatively  recent  origin 
and  has  thus  far  received  but  a  limited 
application. 

This  enumeration,  although  incom- 
plete, shows  that  the  problem  of  the  con- 
struction of  a  practicable  and  durable 
superheater  has  been  solved  by  a  number 
of  builders.  Without  speaking  of  those 
new  ideas,  of  which  some  will  undoubted- 
ly be  sanctioned  by  practice,  there  are 
several — such  as  the  Uhler,  Schwoerer, 
Schmidt,  and  Hering — wdiich  have  al- 
ready been  put  into  extensive  use,  and 
have  shown  by  a  sufficiently  prolonged 
service  of  ten  years  or  more,  that  they 
are  dvirable  and  reliable  and  good  for 
many  years  to  come.  In  Germany,  where 
the  most  advanced  work  has  been  done, 
there  are  at  the  present  time  more  than 
a  thousand  plants  equipped  for  the  use 
of  superheated  steam.  And  in  France, 
the  large  electric  plants  of  Paris  are  be- 
ing gradually  fitted  with  superheaters. 
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America's  Busiest  Harbor 

The  Port  of  Chicago     An  Unattractive  Water-Front.  but  a  Veritable 
Working  Hive  of  Industrious  Activity 


By  RUTLEDGE  RUTHERFORD 

Special  Correspondent.  Tiik  Tkc  hsical  Wdkld 


WRITKRS  of  |)rnsc  and  |KKlry. 
Iii.^^tory  and  fiction,  have  often 
lal Hired  to  describe  tlie  scenes 
of  commercial  activity  in  the 
liarlors  of  \\-\v  \"ork.  Boston.  Pliila- 
delpliia,  and  other  noted  American  sea- 
l)orts.  These  scribes,  doubtless,  were  not 
aware  that  in  summer  time  they  could 
journev  a  thousand  miles  back  from  the 
Atlantic  coast,  and  find  there,  on  the 
shore  of  one  of  onr  ijreat  inland  seas,  the 
luisiest  harbor  in  America — that  of  the 
City  of  Chicatjo.  This  prenerally  un- 
known fact,  toijcther  with  other  dramatic 
associations,  makes  the  port  of  the  Illi- 
nois metropolis  one  of  the  most  interest- 
ins:  ^'id  important  in  the  Xew  World. 

The  newly  issued  28th  Annual  Report 
of  the  Department  of  Public  Works  of 


the  C'ity  of  (hicajijo.  shows  tliat  the  en- 
trances and  clearances  of  the  C"hicaK«> 
harbor,  includinir  ^I'l  months  in  the  year, 
are  i^reater  in  number  than  thc»se  of  any 
other  port  in  .\nierica  ;  it  shows  that  the 
tonnaije  is  second  only  to  that  of  \cw 
^'ork.  and  far  ijreater  than  that  of  any 
other  .American  city. 

In  winter,  traflic  on  the  Great  I-akcs  is 
virtually  .suspended,  and  diirinj,'  that  sea- 
son of  the  year  the  ('hicai:<)  harbor  is 
often  l)locked  with  preat  ice-Hoes,  there 
JKinj;::  little  shippinj,'  of  any  kind.  Tas- 
sen-^n-r  traffic  also  is  of  slipht  importance 
throup^hout  the  winter,  and  the  excursion 
business  is  nil  for  cipfht  months  in  the 
vear.  But  even  includinj.:  this  season  in 
the  annual  average,  statistics  show  that 
more  boats  arrive  anrl  depart  from  Chi- 
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RUSH  STREET  CENTER-PIER  SWING  BRIDGE. 
Showing  artificial  obstructions  to  navigation  caused  by  placing  bridge,  center  pier,  and  protection  pier  in  middle 

of  navigable  channel. 


ca^o  every  year  than  from  any  other 
citv  in  America  ;  and  that  these  vessels 
carry  more  commerce  in  and  out  of  Chi- 
cag:o  hatJjor  than  is  handled  at  any  other 
American  port  except  New  York. 

The  report  shows  that  the  vessels  ar- 
riving and  leaving-  Chicago  in  1903  num- 
bered 14.803,  carrying  a  tonnage  of  15,- 
260,014.  As  compared  with  this,  the  en- 
trances and  clearances  at  the  port  of  New 
York  numbered  14,019.  The  accompany- 
ing table  shows  the  annual  average  ton- 
nage handled  at  the  world's  leading 
ports : 

ANNUAL  TONNAGE  AT  WORLDS  LEADING 
PORTS 

Total  Entered  and  Cleared 

London,    Eng 29,889,99s 

New  York.  N.  Y 29,258,548 

Chicago,    111 15,260,014 

Hamburg,    Germany    14,198,817 

Boston,  Mass 13639.257 

Liverpool,    Eng 12,818,000 

Philadelphia.   Pa 12,013,500 

Baltimore,   Md 11,145,136 

Marseilles.  France    9,629,1 14 

New  Orleans.  La 3.^95.054 

San   Francisco,   Cal 3.199.989 

Galveston.   Tex 1.765.844 

IMobile,   Ala 1,066.564 

Against  the  14.803  arrivals  and  clear- 
ances at  Chicago  in  1903,  New  York 
had  14,102;  Philadelphia.  ii.i43".  fJos- 
ton,  12,289;  ^^ew  Orleans.  5.090;  Balti- 
more, 12,633;  ^"^  S^"  Francisco,  4,655. 


The  latter  ports,  it  must  be  remembered, 
carry  on  shipping  traffic  almost  uninter- 
ruptedly throughout  the  year.  When 
this  is  considered,  an  idea  of  the  scene 
the  Chicago  harbor  presents  in  the  three 
months  of  its  real  activity — June.  July, 
and  August — may  be  realized.  It  is  a 
scene  that  will  amaze  the  old  ocean  tar 
who  has  probably  not  yet  learned  that 
Chicago  is  a  port. 

The  Chicago  river,  piercing  six  miles 
of  the  commercial  heart  of  the  city,  is 
during  these  months,  a  beehive  of  activ- 
it\'  that  is  apt  to  bewilder  the  stranger. 
From  the  top  of  a  Chicago  sky-scraper, 
the  boats  look  like  huge  water-bugs 
creeping  along  the  narrow  stream ;  while 
out  in  Lake  Michigan,  as  far  as  the  eye 
can  reach,  may  be  seen  steamers  big  and 
small,  dotting  the  green  expanse,  all  en 
route  to  or  from  Chicago.  Tugs,  from 
wdiich  clouds  of  smoke  issue  and  en- 
shroud the  surrounding  buildings,  hurry 
out  to  meet  the  ships  and  escort  them 
into  port.  Then  may  be  seen  the  great 
"jackknife"  bridges  one  after  another 
opening  their  hug''  jaws  to  admit  a  ves- 
sel, and  closing  again  after  it  has  passed, 
and  the  turning  of  the  old  center-pier 
swing  bridges,  with  curious  people  stand- 
ing thereon  to  watch  the  vessels  go  by. 
On  the  closing  of  the  bridges,  there  fol- 
lows the  sweeping  rush  of  traffic — horses, 
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strcct-cars,  trucks,  automobiles,  cahs,  and 
pedestrians— Inirryiiii;,  crowding-  across 
the  span,  all  trying  it»  make  up  for  the 
time  lost  in  waiting  fur  the  bridge  to 
close. 

The  Calumet  river,  of  South  ('hica;;<), 
the  otiier  half  of  the  Chicago  harbor,  is 
a  source  of  shipping  activity  ecpially 
great.  The  City  ICngineer  of  Chicago, 
in  a  recent  report,  says: 

"Our  trade  in  the  ten  years  ctuliiiK  itS,S( 
yicMcd  an  average  animal  increase  for  each 
of  these  years,  of  i.<j«>\()io  tons,  or  .w  j  per 
cent,  over  the  avcraj^c  annnal  tfinnagc  for 
the  prior  ten  years  ending  in  1S71  ;  and  the 
average  cargo  for  the  ten  years  ending  in  1881 
gained  80  tons,  or  34.6  per  cent, 
over  that  for  the  ten  years  end-  | 
ing  in   1871, 

.■\  more  marked  improvement  is 
presented  by  the  record  for  the 
eleven  years  ending  in  1892,  as 
during  that  period  tlie  average  an- 
nual tonnage  increased  2.081,412 
tons,  or  20.3  per  cent,  over  that 
for  the  prior  ten  years ;  while 
the  average  annnal  nmnl)er  of  ves- 
sels decreased  370,  or  1.7  per  cent, 
from  that   for  the  ten   vears  end- 
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Puur  llarbur  iacllities 
However.  «lespite   the   ^i,!,  t,,i;,!    vlir.w- 
ing  made  by  Chicago's  si 
the  city  suffers  most  .serious  drawbacks 
because  of  its  poor  harbor  facilities.   The 
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ing  in  l88f — giving,  in  consequence,  tlu  marked 
increase  of  98  tons,  or  31.5  per  cent,  over  the 
average  annnal  cargo  for  the  prior  ten  years. 
The  good  resnhs  shown  by  the  returns  for 
the  eleven  years  1882  to  1892.  both  as  to  vol- 
ume and  vessel  capacity,  are  greatly  surpasscfl 
by  the  showing  for  the  last  eleven  years,  which 
gives  an  average  annual  increase  of  our  trade, 
of  4.058.940  tons,  or  44.2  per  cent,  over  the 
average  aimual  tonnage  for  the  eleven  preced- 
ing years;  while  the  average  number  of  vessels 
during  these  past  eleven  years  has  fallen  off 
5.605.  or  25  per  cent,  as  against  that  of  the 
preceding  eleven  years — the  capacity  or  aver- 
age annual  cargo  making  the  great  increase 
of  379  tons,  or  02  7  per  cent,  over  the  average 
annual  cargo  from  18.S2  to  1892.  The  result, 
it  is  believed,  is  not  to  be  equaled  in  any  other 
part  of  the  world." 


isting.  Chica(.io,  while  {)rogressive  in 
other  respects,  snins  to  forg«'t  the 
importanci!  of  her  harbor.  Cireat  parks 
arc  being  built  in  all  parts  of  the  city; 
the  streets  are  being  improved;  boule- 
vards are  bring  made-  to  connect  all 
the  parks,  forming  an  endless  driveway 
of  over  forty  miles  about  the  city; 
sky-scrapers  arc  going  up  on  every 
business  street;  railro.id  trai  ks  are 
being  elevate<l,  and  railway  shij^ping  fa- 
cilities improved  :  tunnels  are  iK'ing  dug 
tor  freight  batdage  under  the  entire 
down-town  district.  I'verywherc  the 
spirit  of  i)rogrc5s  prevail-;,  save  in  mari- 
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time  alTairs.  The  harbor  ninains  about 
the  same  as  it  always  was — possibly  l)c- 
\u^,  it  anythinj4.  a  httle  worse  now  than 
formerl),  for  the  eurreiil  has  Itceii  made 
stronj^er  by  the  aet  of  rever>iiij;  the  llow 
in  order  to  permit  the  waters  of  I^ike 
Micliij^an  to  pass  throuj^h  the  channel 
into  the  Sanitary  Canal,  the  object  of 
this  {^reat  ens^ineerin^  work  beinf;  to  pre- 
vent the  sewajL^e  of  Lhicaj^o  from  con- 
taminatinj^  the  city's  water  sujjply  de- 
rived from  the  lake.  It  used  to  be  that 
the  river  flowed  into  the  lake,  carryinijf 
with  it  tons  of  pollution;  but  now  the 
lake  waters  sweep  throus^h  the  river,  car- 
ryins^  all  the  sewai^a*  of  that  part  of  the 
city  lyin^  north  of  S5th  Street — the 
.greater  portion  of  C  hicaj^^o  —  down  the 
river  into  the  Sanitary  Canal,  whence  it 
ultimately  reaches  the  Mississijjpi  kiver. 
This  reversal  of  the  river's  flow  has 
j^'rcatly  improved  the  appearance  of  the 
stream,  but  has  added  nothing'  to  the 
conunercial  facilities  of  the  jiort.  To  a 
stranijer.  the  harbor's  appearance,  even 
with  this  improvement,  is  |n"obably  about 
as  unsij^htly  a  view  as  could  be  ima- 
S:ined  :  but  the  person  who  saw  it  and 
caui^ht  a  whitT  of  its  reekin;^  odors  be- 
fore the  openiiii;  of  the  Sanitary  Canal 
will  not  fail  to  aj)preciate  the  bettered 
conditions. 

'i'o  make  the  harbor  what  it  oui^iit  t^ 
be.  woubl  necessitate  the  lowerin<:^  of  the 
tunnels  throuj^^h  which  street-car  traffic 
is  now  conducted  under  the  river,  the 
widening:  'if  the  stream,  and  a  lari^a' 
amount  of  dredj^in.q-  to  deepen  the  chan- 
nel an<l  admit  of  a  j^reatly  needed  in- 
crease in  its  volume  of  water.  Tl  '  pres- 
ent harbor  is  what  Chicas^'-o  had  to  fill  its 
needs  in  i.SSo.  when  it  was  a  city  of  only 
500.000  inhabitants.  Xow  it  has  more 
than  2.000.000  inhabitants  :  yet  the  har- 
bor to  accommodate  this  greatly  in- 
creased population  is  scarcely  any  better, 
and  is  possibly  even  worse,  than  it  was 
two  decades  a^o.  Tt  has  more  o1)struc- 
tions  now  than  then :  and  the  current 
is  so  swift  that  vessels  are  t^reatly  an- 
noyed in  enterinef  and  departincf.  The 
greatest  of  the  obstructions  are  the  tun- 
nels, and  the  center  piers  of  the  old-fash- 
ioned swinjn^  bridjxes.  The  tunnels  lie. 
like  the  jnrcat  mounds  of  stone  which 
thev    are.    riLrht    across  the  bed   of  the 
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to  the  present  j^'reat  (liHiculties.  which 
have  caused  the  harbor  to  remain  unim- 
proved while  the  city  has  proj^Tessed  in 
all  other  resiK-cts.  The  center  piers  of 
the  swiuf.,^  brid).res  are  built  on  mon.strous 
obstructions  rij.,dit  in  the  center  of  the 
stream,  ilividinj.,'  the  river  into  two  parts 
at  tho.se  p(jints  an<l  thereby  /.greatly  im- 
pedinjif  steamer  traffic.  There  has  been 
a  i^-^reat  deal  of  talk  and  even  le^dslation 
with  a  view  to  lowering-  the  Imuiels;  but 
as  yet  no  actual  work  in  that  direction 
has  been  done.  The  old  swinj^  bridj^es. 
however,  are  fi:ivin^  way  to  bascule  or 
'"iackknife"  bridj^es — which  is  a  sub- 
stantial improvement.  Work  of  widen- 
in}^'-  the  river  also  has  been  bej:;:un  by  the 
.^^anitary  District,  but  is  ])ro;^ressinfj 
slowly,  and  tin-  api)earance  of  the  stream 
is  not  «;reatly  improved  by  the  work. 

Thus  it  is  plain  that  Chicaj^o's  mari- 
time traffic  lias  thrown  i>\  itself 
thn)u.t,di  no  effective  efforts  on  the 
l)art  of  the  cit\-  to  |)rovide  dock- 
ing- facilities.  It  is  a  most  im- 
liort.mt  branch  of  the  city's  commerce 
that  has  been  .almost  entirelv  ignore<l. 
There  are  people  now  living  in  Chicago 
who  scarcely  know  the  city  has  a  har- 
bor :  and  few  realize  the  eimrmous  im- 
jxirtance  of  its  lake  shipping. 

.\s  to  l)eautif\ing  the  river  or  harl»or. 
such  a  thought  .seems  never  to  have  en- 
tired  the  nu'inl  of  any  Chicagoan,  .save 
oue  lone  watchman  living  in  a  cabin  near 
the  river,  who  planted  grass  about  his 
one-room  abode  in  the  heart  of  the  city. 
and  transformed  it  into  a  l>cauty  si>ot  in- 
stead of  a  typical  slum-district  quarter 
such  as  tho.sc  through  which  the  river 
elsewhere  in  general  flows.  This  little 
breathing  .spot  along  the  hanks  of  the 
grimy,  smutty,  blackeJied  stream,  .seemed 
to  amaze  the  people  who  passer!  I)y  on 
the  bridges,  and  men  and  women  would 
stop  to  adnn'rc  it :  but  it  has  apparently 
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never  yet  occurred  to  any  of  them,  it 
seems,  that  the  entire  course  of  the  river 
couUl  l)e  made  equally  as  beautiful.  Long 
ago  Chicaj^o  came  to  regard  the  Chicago 
river  as  a  channel  for  the  disposal  of 
refuse — a  kind  of  open  sewer.  This  was 
when  the  river,  malodorous  with  the  pol- 
lution from  the  Stock  Yards  and  a  thous- 
and packing  houses  and  factories,  swept 
its  sickeniiig  water  and  air  through  the 
lieart  of  the  city,  out  into  the  lake,  to- 


there  remain  the  old  unsightly  docks, 
ihe  smoked  walls  of  Milwaukee  brick, and 
other  repulsive  surroundings  peculiar  to 
Chicago's  westernness.  Maybe  some  day 
Chicago  will  awaken  to  the  fact  that 
l)eautifying  her  river  w^ould  add  more  to 
the  city's  appearance  than  all  the  park 
improvements  now  in  progress,  and  that 
improving  the  shipping  facilities  would 
be  more  advantageous  to  the  city's  com- 
merce than  any  other  step  she  could  take. 


ODD  DRAWBRIDGE  IN  OLD  CHICAGO  HARBOR— RAILROAD  BRIDGE  AT  ROCKWELL  STREET 

AND  CHICAGO  RIVER. 
The  lifting  of  the  bridge  is  assisted  by  counterweights  which  roll  down  the  curved  inclines. 


ward  the  cribs  whence  the  city's  drink- 
ing water  supply  was  obtained.  But  now 
ail  these  conditions  have  been  changed. 
The  fresh,  clear,  cool  waters  of  the  lake 
now  sweep  through  the  river's  bed,  wash- 
ing the  foul  refuse  away  from  the  water 
supply,  out  into  the  canal.  The  stream 
that  was  once  thick  with  grease  and  pol- 
lution and  ran  as  black  as  ink,  is  now 
clear,  and  the  ofifensive  odor  that  once 
was  nearly  unendurable  is  entirely  re- 
moved. 

Xow,  the  river  could  be  made  a  thing 
of  beauty,  but  no  Chicagoan  ever  thought 
of  that.  Whh  little  expense  it  could  be 
made  to  rival  the  Seine  at  Paris  or  the 
Charles    river   at    Boston;   but,    instead, 


A  Future  Seaport 

Far  greater  will  the  importance  of 
Chicago's  harbor  become  if  ever  the 
great  canal  is  completed,  making  a  ship- 
way  from  the  Great  Lakes  to  the  Gulf 
of  Mexico.  Already  small  craft  can 
make  the  trip ;  and  in  the  summer  time 
launches  and  house-boats  are  beginning 
to  take  excursion  parties  from  points  on 
Lake  Michigan  to  New  Orleans  and  the 
Gulf  of  Mexico.  Boats  have  also  sailed 
from  Chicago  to  European  ports.  The 
Xortluvestern  Steamship  Company  re- 
cently ran  a  line  of  boats  between  Chi- 
cago and  London,  Liverpool,  and  Ham- 
burg, and  may  resume  the  service  during 
the   coming   season. 


The   heavv   insur- 
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ance,  and  the  cost  of  passinj^ 
through  thf  Lanailian  canals 
of  the  Si.  Lawrence  system, 
were  the  "greatest  hindrances 
encountered.  W  ilh  the  widen- 
\u^  and  ileepeninj;^  of  the 
canals  and  the  lowering  of  in- 
surance rates,  as  now  pro- 
po.sfd,  there  will  he  an  enor- 
mous increase  in  traffic  he- 
twecn  Chicago  and  luirope. 
The  vessels  clearing  from  Chi- 
cago for  foreign  ports  last 
year  aggregated  404.915  tons; 
and  the  incoming  tonnage 
from  foreign  ports  was  205.- 
31^0.  i'Vom  these  things  one 
may  ohtain  an  idea  of  what  the 
future  Chicago  port  may  he. 
Cargoes  may  he  shiyipcd 
from       here       to       all       (lulf 


|)ort^ 


to  South  America.  Central  America. 
-Mexico,  and  the  tropical  islands.  There 
will  be  regular  traffic  hy  water  between 
Ciiicago  and  St.  Louis.  .Memphis.  Xew 
Orlean-.  and  other  .Mississippi  river 
points. 

The  completion  of  the  ship  channel,  as 
proposed,  would  give  to  Chicago  and 
cities  along  the  route  of  the  canal  and 
the  Des  Llaincs  and  Illinois  rivers,  a 
waterway  outlet  to  connect  with  the  Pan- 
ama can^l,  and  would  thus  enable  ships 
to  go  from  Chicago  to  the  F'acific  coast. 
I)Ut  the  completion  of  this  great  water- 
way will  cost  millions,  and  is  a  herculean 
project,  even  for  a  c<incern  as  big  as  the 
L'nited  States  Ciovernment.  So  far,  all 
of  the  work  to  this  great  end  has  been 
done  by  Chicago,  which  already  has  spent 
$44.1 14,000  on  the  canal,  and  $10,000,000 
more  must  be  spent  before  Chicago's  part 
of  the  work  is  completed.  It  will  require 
government  aid  to  make  the  waterway 
a  ship  canal.  The  rivers  through  which 
the  canal  water  Hows  into  the  .Mississippi 
will  have  to  be  widened  and  deepened. 
The  ferleral  Government  has  already 
made  a  survey  from  the  end  of  the  canal 
by  way  of  the  Des  Plaines.  Illinois,  and 
Mississippi  rivers  to  St.  Louis :  and  the 
report  of  the  engineers  will  be  submitti-d 
to  the  next  session  of  Congress.  The 
canal  trustees  of  Chicago  estimate  that 
a  channel  14  feet  deep  with  commen- 
surate   width    can    be   constructed    from 


Chicauo  Kivkr  nrah  tmk  Lakk. 

Lockport,  the  termimis  of  the  drainage 
canal,  to  the  mouth  of  the  Illinois  river, 
for   $30,000,000.      Hence    the    waterway 
between  Chicago  and  .*^t.  I,ouis.  even  ac- 
cording   to    the    present    estimates,    will 
have  cost  about  $icx),ooo,ooo  when  com- 
pleted.       The     cost      will      undoubtedly 
amount  to  more  than  this;  but  probablv 
it  will  be  worth  it  in  the  great  a<lvantages 
it   will  atT<»rd  the  tributary  country.      It 
would  make  the  Chicago  harbor  one  of 
the  inost  important  of  the  world's  ports, 
and  would  greatly  benefit  the  .Mississippi 
N'alley.   the   Central   West.  an<l.   in   fact, 
the  entire  West  and  nnich  of  the  South. 
Thus  the  Chicago  river,  once  a  house- 
hold joke,  seems  destined  to  become  of 
importance  even  greater  than  it  now  en- 
joys.    It  used  to  l)c  that  the  newspapers* 
funny  pages,  the  comic  writers  generally, 
and  the  jokers  everywhere,  foimd  in  the 
Chicago   river  and    harlx>r    a    lucrative 
source    of    amusement    makinp.      They 
would    tell    of    the    disappointment    of 
despondent  ones  who  would  attempt  sui- 
cide in  the  river  and  coiddn't  sink  thein- 
.selves.    It  is  a  fact  that  the  river  used  to 
catch  fire  every  now  and  then. and  menace 
abutting   pro|)erty.      It   was   made   com- 
bustible because  of  the  accunnilated  ref- 
use from  gas  works  and  oil  refineries. 
Ihcse  fires  were  once  as  ])ictures(|ue  and 
dangerous  as  they  were  annising.     The 
(jovennnent  is  aiding  Chicagf)  in  widen- 
ing and  improving  the  river,  and   it  is 
principally  through  government  intervcn- 
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Bascule  Bridge  at  Taylor  Street. 

tion  tliat  the  objectionable  tnilnels  and 
center  piers  are  ultimately  to  be  removed. 
The  Century  Mai^aaiiie,  in  speaking  of 
tlie  new  fame  to  which  the  Chica£2:o  river 
is  destined,  calls  it  "the  Cinderella  of 
navigable  streams,"  and  Uncle  Sam  the 
"fairy  Prince"  that  has  come  to  her  aid. 

"Formerly  the  Chicago  river,"  says  a  writer 
ill  this  magazine,  "was  merely  dirty ;  now  it  is 
becoming  picturesque  in  the  magnitude  of  its 
industries  and  the  strange  and  startling  con- 
trasts that  it  represents.  Time  was  when  the 
wise  man  avoided  it  as  he  would  a  pestilence 
(which    it   closely    resembled   in   some    ways), 


but    it    has    become    a    panoramic 
spectacle  well  worth  seeing. 

"Those  who  have  taken  from 
her  (Chicago)  are  being  com- 
pelled to  restore  all  they  have 
taken;  those  who  have  treated 
her  shabbily  dare  not  do  so 
longer ;  those  who  have  scorned 
her  are  beginning  to  appreciate 
that  there  is  much  of  beauty  as 
well  as  of  utility  in  her.  With 
the  aid  of  Uncle  Sam,  she  has 
compelled  recognition.  She  is 
more  attractively  attired  than 
ever  before,  and  there  is  promise 
of  a  really  satisfactory  wardrobe 
in  the  future.  When  rehabilitated 
by  her  new  guardian.  Uncle  Sam, 
with  the  aid  of  the  awakened  pride 
of  her  people,  Chicago  will  be 
worth  going  miles  to  see." 

It  is  true  that  the  habili- 
ments of  the  river  and  har- 
bor are  somewhat  more 
respectable  than  they  used  to  be,  for 
formerly  they  were  rudely  immodest, 
actually  shocking,  and  smelt  bad.  The 
new  dress  now  being  donned  was  sorely 
needed  ;  but  still  it  is  merely  a  working 
gown,  made  of  coarse,  rude  material,  and 
is  soiled  before  it  is  completed.  It  is 
absolutely  devoid  of  the  artistic,  and  it 
would  be  as  impossible  for  a  Cinderella 
in  such  attire  to  win  recognition  of  re- 
spect in  the  society  of  other  harbors  as 
it  would  be  for  a  C^hicago  foot  to  wear  a 
Cinderella  slipper. 


ASSKNJHMNr,  a  I.AKr.E  BALaNlli 


Locomotive  Building  in  America 

Technical  Details  and  Historical  Evolution  of  this  Great  Industry  in    which 

United  States  Leads  the  World 


the 


By  WALDON   FAWCETT 


THE  I'nitcd  States  now  leads  the 
world  in  locomotive  huildin.^;. 
Xot  only  are  Vankt-e  artisans 
providing^  for  American  railroads 
a  rapidly  increasinjr  complement  of  en- 
t;nies  wliich  in  number,  size,  speed,  ami 
hauling  capacity  have  no  counterpart 
anywhere  on  the  globe,  but  the  locomo- 
tive builders  of  the  rej)ublic  have  seem- 
ingly overcome  th.e  last  vestige  of  foreign 
conservatism,  and  have  constructed  iron 
horses  for  practically  every  steel-tracked 
highway  on  earth.  Moreover.  I'ncle  .Sam 
is  able  to  boast  the  largest  locomotive 
works  in  the  world — a  plant  ciuploying 
18.000  men.  and  turning  out  com|)letfd 
locomotives  at  the  rate  of  half  a  dozen 
per  day. 

The  building  of  a  modern  locomotive 
— and  there  is  in  this  age  no  more  won- 
derful  mechanical   product  —  is   divided 


into  four  general  constructive  pnxcsscs 
involving  (i)  the  boilers.  (2)  the  cyl- 
inders, (  3 )  the  frames,  wheels,  and  other 
I)arts.  and  ( 4 )  the  assembling  or  erect- 
ing of  the  engine. 

The   Boiler 

The  boiler  is  a  m«i>i  important  feature 
of  the  present-<lay  locomotive,  for  u|H}n 
this  huge  appliance  for  generating  steam 
depends  the  aliility  of  the  iron  traveler 
to  maintain  b-  •' '     •'  ' hauls. 

American  i  ire.  as  a 

general  thing,  constructed  exclusively  of 
steel  plate  ;  but  in  some  «>f  '" 
signed  for  u>-'      '•     ■  '    '•  ' 
the  fire-l)ox  >1 

steel  comes  to  the  works  in  the  form  of 
sheets  of  various  sizes  and  tht'i  ■ 
some   fullv  J"   '*•  •  •   '"   ^•■""'''    •'■ 
plates  are  ha  I 

traveling  cranes. 
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The  first  operation  is  the  punching  or 
(IrilHng  of  the  plates ;  and  here  again  we 
tind  a  difference  between  American  and 
foreign  practice.  In  the  case  of  locomo- 
tives intended  for  export.it  is  almost  inva- 
riably required  that  the  holes  in  the  boiler- 
jilatcs  shall  be  drilled  :  but  in  the  case  of 
domestic  boilers,  it  is  customary  to  punch 
the  holes.  Some  of  the  punching  ma- 
chines, each  driven  by  a  separate  electric 
motor,  are  possessed  of  such  power  that 
at  one  operation  they  will  readily  pierce 
five  sheets  of  metal  clamped  together. 


and  to  do  the  riveting,  only  three  men  are 
required,  the  shell  being  suspended  by 
chains  from  an  overhead  traveler.  The 
riveting  done,  the  boiler  is  ready  to  be 
carried  to  the  erecting  shop.  The  in- 
sertion of  the  tubes  and  various  mount- 
ings is  delayed  until  after  its  arrival' 
there. 

The  Cylinders 

The  cylinders  are  also  a  most  im- 
portant part  of  the  locomotive.  Not- 
withstanding that  pressed  and  cast  steel 
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Immediately  following  the  punching 
process,  all  the  sheets  on  which  there  is 
flanging  to  be  done  are  sent  to  the  flang- 
ing shop,  where  they  are  bent  in  the  de- 
sired form  by  hydraulic  apparatus  exert- 
ing a  pressure  up  to  365  tons.  Then  back 
to  the  boiler  shop  come  the  great  pieces 
of  steel  ready  for  assembling. 

Bending  rolls  of  tremendous  power 
curl  the  steel  as  though  it  were  card- 
board, into  circular  form.  Then  follows 
the  riveting,  which  is  done  by  hydraulic 
machines  that  are  practically  noiseless, 
thus  offering  a  sharp  contrast  to  the 
pandemonium  of  the  old-fashioned  boiler 
shop.  For  heating  the  rivets,  each  riveting 
machine  has  its  own  furnace,  attended  by 
a  boy.    To  swing  the  boiler  into  position 


are  now  so  extensively  used  in  locomotive 
construction,  the  cylinders  continue  to  be 
made  universally  of  cast  iron.  In  one 
large  American  plant — the  Baldwin 
A\'orks  at  Philadelphia,  Pa. — 135  tons  of 
cast  iron  are  used  daily.  The  iron  used 
for  cylinders  contains  only  about  one  and 
seven-tenths  per  cent  of  silicon,  it  being 
desirable  to^have  this  material  as  hard 
as  can  conveniently  be  worked.  The  cyl- 
inders for  a  compound  locomotive  neces- 
sitate a  casting  weighing  at  least  8,700 
pounds,  and  the  pouring  is  done  from  a 
ladle  having  a  capacity  of  12,000  pounds. 
After  being  taken  from  the  mould  and 
allowed  to  cool,  the  cylinder  casting  is 
next  machined  down  to  size.  First,  the 
end  surfaces  are  planed  as  a  prelude  to 
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the  rep:nlar  niacliiiiinp  ;  and  then  tlu-  piece 
of  iiK-tal  goes  to  a  boring  machine — an 
interesting  piece  of  a})i)aratus  for  boring 
out  both  cyhnders  and  the  steani-chcst 
at  the  same  time. 

N'o  Httle  work  must  be  done  on  a  cast- 
ing after  it  leaves  the  boring  machine. 
There  is  considerable  j^laning  :  and  then 
the  casting  is  prepared  fur  receiving  the 
cyliiuler  heads,  wliich  are  also  of  cast 
iron  and  have  previously  been  drilled 
with  holes  for  bolting  them  to  the  cyl- 
inders. Just  before  the  cylinders  are 
sent  to  that  common  rendezvous,  the 
erecting  shop,  there  is  inserted  the 
steam-chest  bushing,  which  is  of  cast 
iron,  and  is  niachiiied  to  size  with  great 
accuracy  so  that  it  will  properly  fit  the 
steam-chest.  For  forcing  the  bushing 
into  the  steam-chest,  a  special  machine  is 
used,  operating  under  hydraulic  pressure. 

Wheels,  Frames,  Etc. 

Taking  up  the  manufacture  of  wheels, 
frames,  and  other  j^arts.  it  may  be  noted 
that  for  the  most  part  cast  steel  is  utilized 
for  driving-wheel  centers  on  fast  pas- 
senger engines,  whereas  on  freight  en- 
gines there  arc  introduced  either  cast- 
steel  or  cast-iron  wheel  centers.  If  cast 
iron  be  employed,  it  is 
of  a  softer  grade  than 
that  used  in  making  cyl- 
inders. 

After  wheels  have  left 
the  foundry,  the  first  op- 
eration is  to  prepare 
them,  for  forcing  on  the 
axles  by  boring  out  the 


hubs  to  s: ■•'•  -.       '  I     n_ 

while  tht  ..  i\ 
steel,  are  being  turned  and  fi;  n 
lathes,  great  care  '  d  tu  in- 
sure uniformity    •                               -e- 

ments.     When  '  he 

hub  tif  the  wheel,  both  have  Iktii  cojited 
with  black  leail  and  oil.  act  as  a 

lubricant;   and    then    :■    •  •"   •■•• 

tons  per  inch  oi  tliaiut  ■ 
wheels   next  go  to  a  latlie  for  turning, 
and    afterward    the    countev  '^    arc 

filletl  by  pouring  molten  K.iw  ...lo  the 
openings. 

The  centers  are  now  ready  to  receive 
the  tires,  which  are  made  of  a  special 
grade  of  steel  having  great  tensile 
strength.  The  tires  are  heated  in  a  fur- 
nace until  expanded  sufiiciently  to  per- 
mit them  to  be  easily  slipped  over  the 
center.  A  comparatively  low  heat  is  all 
that  is  required  to  induce  them  to  in- 
crease their  diameter  by  fully  one-eighth 
of  an  inch.  Once  they  are  in  place,  a 
stream  of  water  is  turned  upon  them: 
and.  as  they  cool,  they  shrink,  thus  bind- 
ing themselves  on  the  center  without  ne- 
cessitating the  use  of  clamps.  The  final 
operation  before  the  wheel  leaves  the 
wheel  shop,  is  the  insertion  of  the  crank- 
pins,  which  are  also 
of  hammered  steel, 
and  which  are  forced 


WORKING  ON  THE  STEAM  JACKET  OF  A  LOCOMOTIVE. 


450 


THE    TECHNICAL    WORLD 


into  place  under  pressure  in  much  tlie 
same  way  that  the  wheels  are  forced 
onto  the  axles. 

lioth  wrou.crht  iron  and  cast  steel  are 
employed  in  buildin*^  locomotive  frames, 
and  an  interesting-  feature  of  the  equip- 
ment of  the  modern  locomotive  works 
is  found  in  the  monster  steam  hammers 
used  for  forging  frames.  While  the 
g:radual  evolution  of  the  locomotive  has 
been  going  on  simultaneously  in  many 
<lifTerent  shops,  the  tender — an  important 
feature  of  the  modern  locomotive — has 
come  into  existence  in  a  separate  shop 
which  is.  indeed,  an  extensive  plant  in 
itself.  The  frames  are  usually  built  of 
oak.  and  have  heavy  end  sills  measuring 
perhaps  ten  by  twelve  inches,  and  longi- 


not  only  every  department  but  of  every 
employee  is  put  to  the  practical  test.  It 
is  of  the  highest  importance  in  the  as- 
sembling of  an  engine,  that  every  part 
of  the  iron  monster  shall  arrive  at  the 
common  rendezvous  on  time,  and  that 
every  part  shall  fit  into  its  proper  place. 
A  faulty  piece  of  workmanship  or  a  few 
minutes'  tardiness  might  result  in  rather 
expensive  delay. 

The  average  modern  locomotive-build- 
ing plant  has  an  erecting  shop  several 
hundred  feet  in  length,  with  a  floor  space 
aggregating  several  acres.  The  walls  are 
largely  of  glass,  and  within  the  floor  are 
a  great  number  of  engine  pits  of  brick 
masonry.  There  is  an  extensive  equip- 
ment of  devices  to   facilitate  work — as, 
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tudinal  timbers  measuring,  say,  six  by 
twelve  inches.  The  timbers  are  held  to- 
gether by  bolts  and  tie-rods,  and  the  floor 
of  the  coal  space  is  covered  w'ith  steel 
plates.  The  tank  is  of  steel-plate  con- 
struction. 

Assembling 

What  might  be  termed  the  climax  of 
locomotive  construction  comes  in  the 
erecting  shop,  and  here  the  efficiency  of 


for  instance,  ingenious  arrangements  for 
disposing  of  the  smoke  and  vapor  formed 
in  firing  and  testing  the  locomotives. 
]\Iost  interesting  of  all,  perhaps,  are  the 
electric  traveling  cranes  of  50  and  100 
tons'  capacity,  which  traverse  the  build- 
ing and  not  only  serve  to  bring  to  the 
dififerent  parts  of  the  shop  the  cylinders, 
boilers,  wheels,  frames,  and  other  parts, 
but  are  even  capable  of  lifting  and  carry- 
ing the  well-nigh  completed  locomotives 
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clear  of  the  other  ciij^incs  in  the  pits. 
The  actual  asseiiihlin^  of  a  locomotive 
is  usually  accoiuplished  in  a  suri)risinj;ly 
short  space  of  time.  l-"irst,  a  pair  of 
compound  cylinders  are  l)n)U.i;ht  to  the 
erecting  tloor  hy  one  of  the  traveling 
cranes,  and  aro  suspended  over  the  track 
upon  which  the  Inci  •motive  is  to  he  huilt. 
Thcv  arc  deposited  upon  jacks,  and  with 


forced  in  until  the  pressure  is  one-third 
greater  than  the  working  stram  :f. 

L'nder  this  treatment  the  leak-  .j.m  ivly 
develop,  antl  then  the  calkers  work  on 
the  seams  until  the  hoiler  is  perfectly 
tight.  Such  a  test  is  usually  not  longer 
than  one  hour  in  «luration.  and  then  the 
hoiler  is  emptied  and  tested  with  steam 
at  220  pounds"  pressure  per  scptare  inch. 


SLATTING   AN   ENGINE. 


little  delay  the  frames  are  placed  in  ])Osi- 
tion.  While  the  workmen  arc  waiting 
for  the  holier  to  arrive,  many  minor  fit- 
tings are  applied ;  and  when  tlie  huge 
cylindrical  structure  is  lowered  into  ])lace. 
the  mass  hegins  to  assume  the  scmhlance 
of  a  locomotive. 

Then  the  whole  structure  is  lifted 
bodily  into  the  air  hy  means  of  a  crane, 
while  the  wheels  which  have  been  in 
waiting  on  the  forward  end  of  the  track 
are  rolled  under  the  suspende<l  machine. 
The  engine  now  lacks  only  the  cab.  stack, 
and  pilot :  and  these,  together  with  the 
running-board  and  other  minor  details, 
are  supplied  with  scant  loss  of  time.  .After 
touches  of  paint  and  varnish  have  been 
applied,  the  locomotive  is  ready  for  active 
service,  the  boiler  and  moving  parts  hav- 
ing- been  thoroughlv  tested  in  the  mean- 
time. 

Testing 

The  first  test  to  which  a  boiler  is  sub- 
jected  is   the   water    test,    water    being 


While  an  .\merican-built  loconmiive 
has  been  turned  (»ut  comjjlete  in  the  rec- 
ord-breaking period  of  one  week,  the 
whole  elapsed  time  necessary  to  convert 
raw  material  into  a  completed  locomotive 
readv  for  service  is  likely  U)  be  in  the 
neighborhood  of  two  months.  The  time 
required,  however,  for  the  full  assem- 
bling of  an  engine  in  an  erecting  shop, 
seldom  exceeds  five  <jr  six  days.  ( >ft- 
times  there  are  a  few  last  touches  t<i  In- 
bestowed  upon  a  new  locomotive  after 
it  has  left  the  shof»<i  and  is  on  the  rail- 
road tracks  upon  \vhich  it  is  to  travel  to 
its  destination.  The  locomotive,  when 
shipped,  is  stripped  of  connecting  and 
coujtling  rods,  smokestack.  1-r-  ":..i..  ...„i 
some  other  fittings,  these  ! 
in  cases,  and  assembled  after  the  new 
engine  is  placed  on  the  tracks  of  the  pur- 
chasing company. 

Evolution  of  Design 

r<'in  a  purely  ted 
dcvelcjpmcnt     of     .\ 


45i 


THE    TECHNICAL    WORLD 


building,  in  so  far  as  it  relates  to  the 
evolution  of  the  accei)tecl  type  of  enj^ine, 
is  quite  as  interesting  as  the  growth  of 
the  industry  from  a  purely  business 
standpoint.  The  transformation  of  the 
design  of  the  American-built  locomotive 
dates  from  1832  when  was  commenced 
the  construction  of  "Old  Ironsides."  the 
initial  engine  built  for  the  Philadelphia. 
Germantown     &     Xorristown     Railroad 


Moving  Axle  and  Driving  Wheels. 

Company,  whose  short  line  of  six  miles 
had  previously  been  operated  by  horse 
power. 

"Old  Ironsides,"  wdiich  was  not  com- 
pleted until  nearly  a  year  after  operations 
were  commenced,  was  a  four-wheeled  en- 
gine modeled  essentially  on  the  English 
practice  of  that  day,  and  weighed  in  run- 
ning order  a  little  over  five  tons.  The 
single  pair  of  driving  wheels  were  54 
inches  in  diameter,  on  an  axle  placed  in 
front  of  the  fire-box.  The  cranks  on  the 
axle  were  39  inches,  center  to  center  ;  and 
the  front  wheels,  which  v/ere  simplv  car- 
rying wheels,  were  45  inches  in  diameter, 
on  an  axle  placed  just  back  of  the  cyl- 
inders. The  cylinders  were  glA  inches 
in  diameter,  w-ith  18  inches'  stroke.  The 
boiler  was  30  inches  in  diameter,  and  con- 
tained 73  copper  tubes  i]^  inches  in  di- 
ameter and  7  feet  long. 

The  valve  motion,  as  at  first  devised, 
consisted  of  a  single,  loose  eccentric  ar- 
ranged to  be  moved  half-way  around  the 
axle  by  a  lever  in  the  cab  ;  but  for  this 
there  was  later  substituted  a  single,  fixed 


eccentric  for  each  cylinder.  The  valve 
rods  were  operated  by  a  rock  shaft,  with 
an  arm  above  and  below  the  center ;  and 
the  forked  end  of  the  eccentric  rods  could 
be  brought  into  engagement  with  a  pin 
on  the  upper  or  lower  arm  of  the  rock 
shaft,  to  give  forward  or  backward  mo- 
tion. The  eccentric  rods  were  raised  or 
lowered  by  a  lever  in  the  cab. 

In  the  evolution  of  the  American  tvpe 
of  locomotive,  the  thirty 
years  intervening  be- 
tween the  construction 
of  "Old  Ironsides"  and 
the  outbreak  of  the  Civil 
\\'ar  must  be  accounted 
a  single  epoch.  The  lo- 
comotive of  1 86 1  had 
two  pairs  of  driving 
w^heels  and  two  leading 
wheels,  forming  what 
was  known  as  the  Lom- 
bert  truck.  On  the  en- 
gines for  passenger  serv- 
ice, the  cylinders  were  10 
by  18  inches  ;  the  driving 
wheels,  56  inches  in 
diameter  ;  and  the  boiler, 
34  inches  in  diameter, 
w^ith  120  iron  tubes.  That 
decade  saw  the  appearance  of  the  ten- 
wheeled  type  of  locomotive  for  freight 
service.  The  cylinders  were  18  inches 
in  diameter,  with  22-inch  stroke;  the 
driving  wheels,  45  inches  in  diameter; 
and  the  boiler,  49  inches  in  diameter,  with 
118  tubes  21/^  inches  in  diameter.  The 
weight  of  a  locomotive  of  this  pattern 
in  working  order  was  75,600  pounds,  of 
which  53.600  pounds  w^as  on  the  driving 
wheels. 

Along  in  the  seventies  there  went  into 
service  locomotives  having  two  pairs  of 
driving  wheels  and  a  four-wheeled  lead- 
ing truck.  The  early  eighties  saw  pro- 
nounced steps  forward  in  the  evolution 
of  high-speed  passenger  locomotives,  and 
in  the  development  of  heavy  engines  for 
freight  service  on  the  narrow-ga'uge  rail- 
roads of  the  West. 

"Consolidation"  and  "Motful"  Types 

In  this  connection  we  might  mention 
two  well-known  types  of  locomotives — 

the  "Consolidation"  and  the  "Mogul" 

which  have  figured  conspicuously  in  the 
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evolution  of  locomotive  practice  during 
the  past  tliird  of  a  century.  The  initial 
engine  "Consolitlatii)n."  from  which  the 
class  takes  its  name,  had  cyliiiijers  JO 
hy  24;  four  pairs  of  drivers  connected, 
48  inches  in  diameter ;  and  a  pony  truck 
in  front  e(|ualized  with  the  fn^nt  drivers. 
The  weight  oi  the  engine  in  working 
order  was  90,cxx)  poumls,  of  which  all 
hut  ahout  10.000  pounds  was  on  the 
<lrivers.  The  class  of  engines  known  as 
"Moguls"  have"  three  pairs  of  drivers 
coimectttl,  and  a  swinging  pony  truck  in 
front  equalizctl  with  the  forward  drivers. 
Several  sizes  of  "Moguls"  have  heen 
huilt,   hut   principally   with   cylinders    16 


axles  running  in  a  scpnmt 
coiuiected   tt>   the   mai 
by  a  ^  -ntral 
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to   19  inches  in  diameter,  and  22  to  24      heen  intrfxluced,  conferring  a 

inches'  stroke,  and  with  drivers  from  44 

to  57  inches  in  diameter.     This  plan  of 

engine  has  grown   rapidly   in   favor   for 

freight  service  on  heavy  grades  or  where 

maximum  loads  are  to  l)e  moved. 


factors 


Technical  Factors 
Giving  consideration  to  the 
which  from  a  technical 
standpoint  have  proven 
most  influential  in  the 
<levelopment  of  the  loco- 
motive, we  find  that 
from  1834  dates  the 
method  of  increasing  the 
adhesion  of  a  locomotive 
hy  throwing  part  of  the 
weight  of  the  tender  on 
the  rear  of  the  driv- 
ers, thus  increasing  the 
weight  of  the  drivers. 
In  1S38.  chilled  wheels 
for  engine  and  tend- 
er trucks  supplanted 
the  driving  and  truck 
wheels  with  wrought 
tires. 

The     pioneer      eight- 
wheeled      engine      from 
which        the        standard 
American    locomotive   of    to-day  takes 
its     origin,     was     comj)lcted     in      i-'^.^r. 
hut     it     lacked     one     essential     feature ; 
there    were    no    equalizing    heams    be- 
tween    the     drivers,    and     nothing    but 
the    ordinary    steel    springs    over    each 
journal  of  the  driving  axles  to  equalize 
the  weight  upon  them.    This  defect,  how- 
ever, was  soon  remedied  by  the  construc- 
tion  of   a   locomotive    with   the   driving 


vantage,  since  tubes  and  boiUr-shell,  l)e- 
ing  of  the  same  material,  e.v  "  '  and 
contracted  alike,  whereas  in  !,,.  ..i^e  of 
copper  tubes  the  expansion  of  the  metal 
by  heat  varied. 

The  middle  of  the  century  saw  another 
important  forward  step  in  .\mcrican  lo- 


BiTiLDiNO  A  LocoyoTivB  rom  E«ro«T. 
Plitciuic  driving  wheels  on  an  cnicine  intended  for  Mrvic*  on  •  BrarilUn  pUnuiioa. 

comotive  practice — namely,  the  introdnr- 
ti  .11  "f  the  link  motion.     The  .  i 

ot  the  link  nv  '  '  e 

dividing  line  e 

early  an<l  tra:  <i 

practice.     Changes  since  that  event  iiavc 
been  priu'       "  •  • 

The  int 
construct;  feature 

of  the  Civil  \\  ar  |KTiud.     Another  new 
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feature  of  construction  was  tlie  placing 
of  the  cylinders  horizontally ;  and  out  of 
this  <i:re\v  naturally  the  plan  of  casting 
the  cylinder  and  half-saddle  in  one  piece. 
Steel  Hues  were  first  used  in  ten-wheeled 
freight  engines  in  t868.  and  that  same 
year   witnessed   the   introduction   of   the 


speed  and  hauling  power,  and  decrease 
in  liability  to  injury  to  the  track. 

The  arrangement  of  parts  is  as  follows : 
A  high-  and  a  low-pressure  cylinder  are 
placed  on  each  side  of  the  locomotive, 
with  their  axes  parallel  and  in  the  same 
horizontal  plane.    The  low-pressure  cyl- 


ERECTING  A  LOCOMOTIVE. 
View  taken  at  one  stage  in  process  of  assembling. 


first  steel  boilers.  In  the  eighties  the 
first  compound  locomotive  made  its  ap- 
pearance. It  was  of  the  four-cylinder 
type  and  very  economical  of  both  fuel  and 
water.  In  the  same  decade  there  was 
begun  the  manufacture  of  wrought-iron 
wheel  centers  for  both  truck  and  driving 
wheels. 

Balanced-Compound  Type 
The  four-cylinder  balanced-compound 
locomotive  as  originally  designed  was  in- 
tended primarily  for  high-speed  pas- 
senger service,  but  it  was  quickly  adapted 
to  freight  service  as  well.  As  is  implied 
by  the  name,  counterbalancing  is  one  of 
its  distinguishing  features ;  and  the 
method  by  which  this  is  attained  is  to 
balance  the  reciprocating  parts  by  recip- 
rocating parts,  and  revolving  parts  by  re- 
volving parts.  Duplication  of  the  recip- 
rocating parts  is  necessary  in  order  that 
they  may  be  arranged  so  as  to  be  op- 
posed to  and  balance  each  other.  This, 
however,  is  compensated  for  by  greater 
ease  in  operation,  possibility  of  greater 


inders  are  outside,  and  the  high-pressure 
cylinders  inside,  the  frame.  A  valve  of 
the  balanced-piston  type  controls  the  pas- 
sage of  steam  to  each  pair  of  cylinders, 
and  is  operated  in  the  ordinary  manner. 
The  valve  is  so  constructed  as  to  admit 
steam  to  the  high-  and  low-pressvire  cyl- 
inders at  opposite  ends,  causing  the  pis- 
ton and  crossheads  to  move  in  opposite 
directions,  starting  their  stroke  at  op- 
posite ends  of  the  guides.  A  low-pres- 
sure crosshead,  with  its  guide,  is  located 
outside  the  line  of  the  driving  wheels  on 
each  side  of  the  locomotive.  These  cross- 
heads  are  ordinarily  coupled  to  the  crank- 
pins  on  the  front  pair  of  driving  wheels. 
The  crank-pins  are  placed  at  right  angles 
to  each  other. 

The  forward  axle  is  constructed  with 
two  cranks  set  at  right  angles  to  each 
other,  one  on  each  side  of  the  center  of 
the  locomotive.  These  cranks  are 
coupled  by  means  of  suitable  crossheads 
and  connecting  rods  to  the  high-pressure 
pistons.     The  crank  on  the  axle  and  the 


LOCOMOTirr.   nrnnrr 
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crank-pin  in  the  whctl.  for  the  corrc- 
sponcHntj  hij^li-  and  K)W -pressure  cyl- 
inders, are  set  at  an  anj^le  of  i8<)  de- 
grees ;  while  the  axle-cranks,  to  which  the 
two  high-pressure  pistons  are  connected, 
are  at  an  angle  of  90  degrees  to  each 
other.  This  arrangement  causes  the  ac- 
tion of  each  high-  and  low-pressure  cyl- 
inder on  one  side  of  the  locomotive  to 
he  quartering  with  the  corres|)onding  cyl- 
in«ler  on  the  opposite  side,  the  cylinders 
following  each  other  at  intervals  of  <p 
degrees  for  the  full  revolution. 

The  reciprocating  jxirts  represented  by 
the  pistons,  crossheads.  and  main  rods  for 


ness  anil  aciiievcmenl.is  almost  j.i.i;.ci«lcnl 
with    the    (U      '  •    the    lialdwm 

I.octimotive    \.    ..x^  ......     -■•tt 

has  liuilt  more  than  j  ♦  ., 

and  continues  to  turn  out  cnguics  at  tlic 
rate  of  2.000  a  \ear.     It  b  "    r- 

ing  two  thir<ls  of  a  centui  ,e 

mo<lest  shof)  to  an  iu'^tifnr 
seven  acres    of    tl  ^, 

however,  the  most  iiti'  f 

this  wonderful  instituti-  ..  c 

fact  that  this  vast  husine  '1 

on  the  simple  lines  of  the  ancient  coi)art- 
nershij)  by  seven  i)artners.  cvtrx  on<-  of 
whom  began  at  the  bottonj  and   vs.il-.d 


each  side,  are  con- 
nected to  the  driving 
wheel  anfl  axle  at  op- 
posite points,  a  n  d 
travel  in  opposite  di- 
rections. These  parts, 
being  substantially  of 
the  same  weight  and  construction,  will 
balance  themselves,  leaving  only  the  re- 
volving parts  to  be  considered.  Fhe 
weight  of  the  cranks  on  the  axle  serves 
to  counterbalance  a  portion  of  the  revolv- 
ing weight,  and  whatever  additional 
counterweight  is  necessary  may  be  added 
to  the  driving  wheels. 

The  Baldwin  Works 

The  history  of  locomotive  buiMing  in 
America   in    its   remarkable   progressivc- 


BriLPiNO  AN  Encinb  Cak. 

his  way  to  the  top.  Xot  one  of  these  men 
ever  put  a  cent  into  the  firm  :  l)ut  each 
has  taken  out  for  his  energy  and  applica- 
tion and  hanl  work,  rewani  in  the  form 
of  millions  of  dollars  of  profit. 

Moreover,  in  view  of  the  fact  that 
these  of)i)ortunities  to  rise  from  the  ranks 
are  still  open.  an<l  that  the  future  owners 
of  this  great  propertv  rrr  now  la«l>  in 
overalls  and  junifiers  not  strange 

that  labor  troubles  of  any  kind  have  been 
practically    unknown    in    the    history   of 
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this  plant — and  this,  too,  despite  the  fact 
that  the  workmen  labor  fully  ten  hours 
per  day. 

Apprentice  System 

Perhaps  it  may  interest  some  of  our 
readers  to  hear  of  the  ingenious  system 
of  apprenticeship  whereby  recruits  are 
secured  for  this  unique  co-operative  in- 
dustrial army. 

The  apprentices  are  divided  into  three 
classes  according  to  their  education  and 


the  boys  of  the  first  class  to  eleven  cents 
per  hour  wages,  but  starting  in  at  a  wage 
of  seven  cents  per  hour  instead  of  five 
cents.  On  the  other  hand,  their  bonus  at 
the  conclusion  of  indenture  is  only  $ioo. 
The  third  class  of  apprentices,  com- 
prising those  who  receive  the  highest 
wages  (though  not  based  on  a  definite 
scale),  is  made  up  of  young  men  over 
twenty-two  years  of  age  who  have  grad- 
uated from  colleges,  technical  schools,  or 
scientific  institutions.     They  devote  only 


general  intelligence. 
In  the  first  class  are 
boys  possessing  a 
good  common  school 
education,  who  start 
in  the  service  of  the 
company  when  seventeen  years  of 
age,  agreeing  to  continue  in  the  occu- 
pation for  four  years  and  incidentally  to 
devote  their  evenings  to  the  study  of 
algebra,  geometry,  and  mechanical  drawr 
ing.  These  lads  receive  payment  on  the 
basis  of  five  cents  per  hour  during  the 
first  year,  this  being  gradually  increased 
to  eleven  cents  per  hour  during  the 
fourth  year,  in  addition  to  which  they 
receive  at  the  end  of  the  apprenticeship 
period  a  bonus  of  $125  and,  if  they  have 
proven  worthy,  permanent  employment 
as  journeymen  mechanics. 

The  second  class  of  apprentices  com- 
prises those  who  have  advanced  gram- 
mar or  high  school  education.  These 
serve  but  three  years,  advancing  as  do 


^;g^^gs^r-> 


Putting  Finishing  Touches  on  a  Locomotive. 


two  years  to  acquiring  the  practical 
knowledge  which  it  is  the  object  of  the 
apprenticeship  plan  to  impart ;  and  from 
this  third  class  in  particular  it  is  ex- 
pected that  there  will  come  a  majority 
of  the  future  superintendents,  managers, 
and  owners  of  the  gigantic  works. 

Although  the  old-fashioned  system  of 
apprenticeship  has  been  so  generally 
abandoned  in  most  divisions  of  the 
American  industrial  field,  it  would  ap- 
pear to  be  a  most  unqualified  success  in 
locomotive  building.  Of  these  seven  men 
who  now  make  up  the  circle  of  partners, 
four  received  their  training  in  the  busi- 
ness office,  while  two  rose  from  the  draft- 
ing room,  and  one  was  promoted  from 
the  shops. 


The  Trouble  Shooter 

The  Varied  Duties.  Romance.  Fascinations,  and  Dangers  of  the  "Telephone 

Doctor's"  Calling 


By  WINTHROP  HACKAHI) 


Till'  ■■trouble  shooter"  is  a  man 
whose  iHreupatiou  is  to  po  about 
seckinjj^  truuble.  not  in  a  spirit  of 
mischief  or  levity,  but  in  order 
to  remedy  it.  lie  is  the  physieian-in- 
ordinary  to  that  great  commercial  institu- 
tion, the  telephone  ;  and  his  work  is  that 
of  diagnosis  and  cure.  The  four  milli<Mi 
miles  of  wire  and  the  two  million  or  more 
.subscription  telephones  of  the  Hell  Tele- 
phone System  in  the  United  States,  are 
kept  in  healthy  working  order  through 
his  constant  vigilance  and  intimate 
knowledge  of  details  and  reiiuirements. 
I'Vom  Canada  to  Mexico,  in  comnnmities 
where  English.  French,  or  Spanish  is 
the  native  tongue,  he  is  known  as  the 
■'trouble  shooter.'" 

He  has  an  occupation  at  once  romantic 
md  hazardous — this  telephone  doctor, 
lie  may  be  routed  out  from  bed  in  the 
middle  of  a  stormy  night,  and.  getting 
ready  with  the  si)eed  of  a  fireman,  go 
striding  off  into  the  darkness  with  his 
pack  on  his  back;  or  he  may  be  seen, 
in  the  freshet  season,  climbing  out  on  a 
crazy,  shivering  bridge,  over  a  raging 
torrent,  stringing  his  wires  and  deftly 
making  repairs,  oblivious  ajjparently  to 
the  turmoil  around  him  ;  or  the  woodmen, 
snugly  housed  in  a  wild  place  on  a  windy 
mountain  trail,  may  wonder  as  he  strug- 
gles past  in  the  face  of  a  blinding  snow- 
storm, to  find  and  repair  some  break  in 
the  wires  "between  here  and  there;"  or 
one  may  watch  him  working  vigorously 
on  top  of  a  lofty  pole,  with  the  rough 
wind  whistling  around  him  and  the  tem- 
perature below  zero ;  or.  in  his  fragile, 
little  "bo'sini's  chair,"  he  may  be  M<n 
dragging  himself  laboriously  along  over- 
head telephone  cables;  or.  again,  he  may 
be  summoned  by  an  angry  householder 
to  fix  an  instrument  when  the  housewife 
has  thoughtlessly  stuck  a  hairi)in  across 
the  binding-posts,  putting  the  transmitter 
out  of  Inisiness.  It  is  little  wonder,  con- 
sidering the  manifold  duties  of  the  "trou- 


I'-iii, 


ble  sli»H)ter,"  that  in  the 
ment    of   the     iieil     Telrpi,.  i 
snowshoes  are  kept  in  stock. 

The  life  of  the  '"trouble  shooter"  of- 
f(  rs  such  a  variety  of  experiences  out  of 
the  ordinary,  that  for  many  men  it  ex- 
ercises a  fascination  in  spite  of  its  harcl- 
ships  and  attenrlant  ilangcrs;  and  the 
average  "trouble  shooter"  shows  a  dis- 
position to  kee])  at  the  work  as  long  as 
he  is  physically  able  to  do  so. 

Near  the  switchboard  in  a  central  tele- 


!^ 


Breasting  the  liltzziinfs  l<la%lf.  -  Tflrphone 

lines  apc  With  hrif  tiunni:  the Jicr^at 

of  wtntrr  storms. 
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Tangled  Lines  of  Commtmication.—A  scetie  of  ruin  after  a  severe  winter  storm. 


phone  office,  is  another  department  which 
the  suhscriber  never  sees.  Here  the  wire 
chief  reigns  supreme,  and  here  the  chief 
inspector  sits,  a  large  map  of  his  district 
close  at  hand,  amidst  innumerable  bat- 
teries and  long  racks  of  wires  and  vari- 
ous complicated  paraphernalia,  receiving 
the  reports  of  the  "trouble  shooters"  all 
day  long,  and  writing  out  the  "stories" 
they  telephone  in,  as  their  reports  are 
called.  Indeed,  the  wire  chief  is  like  the 
city  editor  of  a  daily  newspaper.  The 
"trouble  shooters"  are  his  reporters,  and 
he  is  in  constant  communication  with  the 
members  of  his  staff,  wdio  are  spread  out 
on  assignments  over  a  broad  area  of  ter- 
ritory. 

"Trouble"  is  a  word  of  frequent  oc- 
currence in  telephony,  because  of  the 
delicacy  of  the  instruments  employed, 
and  because  the  wide  distribution  of  the 
lines,  through  or  under  city  streets,  over 
roofs,  in  houses,  across  bare  fields, 
through  forests,  and  over  precipitous 
mountain  sides,  lays  them  open  to  multi- 
farious  chances   of   injury.       Storm    or 


flood  may  snap  the  poles  or  wires,  or 
wash  them  away ;  the  laborer's  spade 
may  break  the  connection ;  or  a  clumsy 
household    carpenter   may    drive    a    nail 


T?-ouble  is  oftefi  remo7'cd  ivit/iout  tlie  subscriber 
becoming  aware  of  its  existence. 


THE  TROUIiLE  SHOOTER 


Wi 


tlifDU^h  a  telephone  wire,  llreaks  and 
mishaps  are  reported  to  the  wire  chief 
by  the  operator,  and  in  a  short  time  he 
has  a  "trouble  shooter"  on  tlie  way  to 
the  scene  of  the  trouble.  Thus,  when 
Central  calls  you  up  rej^ularly  every 
morninjif.  and  to  your  j^rutT  "llello!"  re- 
si)onds  pleasantly  with  '"(iood  morninm  ! 
testinj^ :  thank  ytju !  "  she  is  not  simply 
trying;  tt)  annoy  you.  but  is  seeking  to 
discover  if  there  is  any 
work  for  the  "trouble 
>;hooter." 

The  "trouble  shooter" 
carries  with  him  a  kit 
almost  e(iual  to  that  of  a 


when  the  elements  .t-"  •"'^st  at  w^' 

householders  are  hi.  ,   njost 

to  their  chinuiey  corners,  thai  he 

in    demand.      ('\  ■  ' 

poles,    freshets    >..,.,.    ... 

sleet  and  clinj^ing  snow  e. 

wires.     One  of  the  llell  t- 

pam'es  has  as  a 

matle    from   a   ti .. , , 

heavily  encased  in  sleet  that  it  \. 
}^.2    pounds    per    I 
foot.     An  end  of 


soldier  in  heavy  marchinj?  order. 
Strapped  over  his  shoulder,  he 
bears  a  set  of  instruments 
which  enable  him  to  talk  with  his 
office  when  he  reaches  a  place 
where  wires  arc  broken.  He  car- 
ries a  small  coil  of  wire  and  an- 
other of  rope  ;  glass  insulators  ;  and  a  pair  j)hoiie  wire  projecting  from  the  plaster 
of  "come  alongs, "two  small  vices  attached  looks  scarcely  larger  in  i)roportion  than 
by  a  pulley-roj)e  tackle,  used    for   haul-      a  stem  attached  to  an  apple 


\\  hen  'u'litiis  rise,  t/it'  Jiooc/s  n 
iL'ork  for  the  army  of  the  ■ 


ing  the  ends  of  a  broken  wire  together. 
Fastened  in  his  broad  leather  belt,  are 
a  suj)ply  of  coj)per  tubes,  used  in  sjilic- 
ing  wires;  pliers  ancl  a  clamp,  used  in 
twisting  and  cutting  wires ;  a  hatchet ; 
a  screw-driver  ;  and  short  pieces  of  cop- 
per wire.  His  pole-climbing  spurs,  and 
a  strap  long  enough  to  span  the  largest 
pole  and  prevent  him  from  descending 
suddenly  if  the  spurs  give  way.  com- 
plete his  equijiment. 

I>ut  the   "trouble    shooter's"    slackest 
season  is  during  pleasant  weather.    It  is 


What  extraordinary  feats  the  "trouble 
shooter"  may  be  calle<l  upon  to  accom- 
plish, was  slunvn  during  the  floojjs  in 
Kansas  C  ify  in  the  sununer  of  nx>.V  The 
Missouri  &  Kan.sas  Telephone  Company 
was  the  only  public  service  cor;  i 

that  contiiuied   business,  while  tl.-    >  ■■  v  - 
trie  lights  ceased  to  illuminate  the  streets 
and  buildings,  railroads  were  paralyzed, 
and  boats  took  the  place  of  str< 
As    fast   as   wires   went   down,      .. 
shooters"  in  l>oats  strung  new  ones, 
had  barely  ceased  stringing  wires  along 
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a  briilgc.  one  span  of  which  had  disap- 
peared, when  the  whole  thing  went  down 
with  a  crash,  carrying  the  wires  with  it. 
Bnt  the  "trouble  shooters"  were  un- 
daunted. They  erected  spars,  one  on 
each  side  of  the  river,  and  wires  were 
stretched  between  them. 

A  man  whose  office,  on  the  first  floor 
of  his  establishment,  was  disappearing 
under  water,  telephoned  to  Central : 

"I  want  my  telephone  moved  one  story 
higher  or  I'll  have  to  dive  for  it." 

"Trouble  shooters"  soon  arrived  in 
boats  and  relieved  him  of  his  moist  di- 
lemma. 

Through  ]\Iosquito  Pass,  far  up  the 
Rocky  Alountains,  stretches  a  cable  tele- 
phone line.  Sometimes  it  is  buried  un- 
der snowdrifts  twenty  feet  deep;  and 
again,  in  the  summer,  the  hardy  mount- 
ain flowers  bloom  about  it ;  but  in  either 
season,  the  messages  pass  smoothly 
through  the  lead -encased  wires.  A  few 
years  ago,  a  pole  line  stretched  up  the 
narrow  defile.  Storms,  landslides,  or 
boulders  that  came  crashing  down  the 
mountain  side  often  broke  the  line  and 
interrupted  communication,  so  that  the 
pass  was  veritably  a  place  of  "trouble." 
The  skill  and  daring  of  the  trained 
mountainer  were  necessary  to  make  a 
trip  up  the  pass,  particularly  when  winter 
storms  were  roaring  about  the  mount- 
ains ;  and   "trouble    shooters"    still    tell 


The  Trouble  Shooter  s  Private  Car.— It  bears  a 
familiar  name,  but  travels  in  mid-air. 

stories  of  precarious  experiences  and  nar- 
row escapes  up  old  Mosquito, 

The  "trouble  shooter"  must  have  the 
ingenuity  and  initiative  that  overcome 
obstacles.  A  trouble  man  working  in 
New  England  in  a  gap  where  poles  were 
down,  promptly  solved  the  difficulty  and 
bridged  the  gap  by  running  his  wires 
along  fence  wires.  In  the  blizzard  in 
New  York  City  in  1898,  when  the  city 
exhibited  a  confused  tangle  of  broken 
and  twisted  wires,  "trouble  shooters"  ran 
their  lines  over  roofs  and  even  through 
a  church  belfry. 

It  has  been  roughly  estimated  that  the 


Repair  vien  are  ingenious. — The  stump  of  a  broken  pole  may  be  made  temporarily  to  carry  wires. 
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telephone  company  employs  one  "trouble 
shooter"  to  every  ^(X)  instruments  where 
under^nnrnd  wires  are  used,  and  une 
man  to  every  iiK)  telephones  where  the 
wires  are  overhead.  The  lonj.;;-distanee 
lines  are  constantl\  under  tlu-  eye  of  the 
trouble  man.  That  communication  be- 
tween cities  may  be  uninterrupted,  the 
routes  are  dividetl  intt)  sections,  for  each 
^f  which  a  "trouble  shooter"  is  appointed, 
beini^  responsible  for  his  territory.  (  )ne 
of  these  men  may  have  imder  his  super- 
vision a  stretch  of  line  loo  miles  in 
leii.i,^th,  so  that  he  must  "keep  movinjj^." 
.\aturallv.  from  the  nature  of  his  work, 
the  "trouble  sluioter"  i^ets  tumbles  and 
has  some  narrow  escapes.  I'or  safe- 
j^uardinj^  him  at  his  work,  the  I'cll  com- 
I)anies  have  an  elaborate  system  of  in- 
spection of  every  line,  pole  by  pcile..  to 
see  that  the  cross-arms.  pins,  wires,  and 
attachments  are  in  safe  conditi<in.  lUit 
no  .safep^uards  can  surely  .q^uard  ai:jainst 
falls.  There  is  a  ca.se  on  record  in  a 
Western  town,  where  a  man  fell  from 
the  top  of  a  50-foot  pole,  struck  the  roof 
of  a  barn,  rolled  off  to  the  j^round — and 
picked  himself  up  and  walked  off.  lie 
was  soon  back  at  work. 

The  work  is  often  made  dangerous 
from  the  fact  that  a  man  has  to  work 
amonj^  the  tantj^le  of  wires-,  many  of  them 
chartjed  with  a  sufficient  amount  of  elec- 
tricity to  cause    death.     The    telephone 


wires   are   not   dangerous;    but    <1.    ft;. 

li^htinjj    wires,    for    instance,   ar< 

highly   charj^anl    with   electricity   than   a 

thiril-rail    or   an   overhead    trolle 

<  )ne   lineman   near    I'.uston   wa< 

swinjjing  in  his  "lx)*sun"s  cha 

repairs  on  a  line,  when  a  b 

der   side  of  his   wi>oden   seal   unanni   .1 

lijj^htinj^  wire.    The  current  par  ,1 .  /,  ,1  In. 

limbs ;  but  he  crie<l  out.  and  hi 

pulled  the  chair  away  from  the  wire.  .\n- 

other  trouble  man,  standin  .    ■  . 

outside  a  house,  touched  a     .,      :  ., 

The  shock  was  so  preat  that  he  could 

not  cry  out,  but  his  body  sh«)ok 

the  ladder  rattled,  attractinpf  the  aitrmi.  n 

of  the  men  below,  who  raiseil  it  .ifT  the 

ground  and  l)roke  the  current. 

In  tj^reat  emergencies,  when  poles  are 
snai)jK'd  by  storm  or  flood  over  a  \.  ' 
section,  and  wires  lie  in  a  hopeless  tai 
the  I5ell  companies  rush  "trouble  sli 
ers"  to  the  scene  from  all  neighboring 
sections.  Thus,  in  the  storm  of  last  \o- 
vember,  men  were  hurried  to  St.  Paul 
from  ( )maha,  Milwaukee,  Des  Moines, 
and  l)ubuf|ue,  and  wires  were  got  Wf)rk- 
ing  again  before  the  poles  were  up.  Sec- 
tions in  .Maine  were  laid  lt)W  by  the  .same 
storm,  and  Massachusetts  trouble  men 
went  to  the  scene.  In  cases  of  this  .sort, 
the  great  gangs  of  tronbli-  men  are  fed 
and  housed  on  the  same  principles  as  an 
arm\-  in  the  field. 


My   Creed 
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OT  one  holy  day,  but  seven. 

Worshiping,   not  at  the  call  of  a  bell,  but 
at  the  call  of  my  soul. 
Singing,  not  at  the  baton's  sway,  but  to  the 

rhythm  in  my  heart. 
Loving  because   I  must. 
Giving  because  I   cannot  keep. 
Doing  for  the  joy  of  it.  — MuRIEL  STT^ODt. 
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The  Steam  Turbine  in  Marine  Service 

The  Evolution  of  a  New  Era  in  Shipbuildini; 


By  A.  FREDEaiCK  COLLINS 

Author  of  "Wireless  Telegraphy,  Its  History,  Theory,  and  Practice" 


CONCURRENTLY  with  the  gi- 
gantic problem  of  rapid  transit 
on  land,  arises  that  of  the  de- 
velopment of  a  new  marine  serv- 
ice by  the  substitution,  for  the  older  type 
of  prime  mover,  of  the  newer  steam 
turbine.  This  change  of  motive  power 
in  ocean  liners  wall,  like  the  electrifica- 
tion of  steam  railroads,  give  a  higher 
speed  than  could  possibly  be  attained  un- 
der the  old  regime,  as  w-ell  as  increased 
economy  and  greater  comfort.  In  this 
it  will  achieve  one  of  the  great  aims  of 
all  modern  engineering  effort. 

While  the  same  bitter  struggle  for  su- 
premacy has  taken  place  in  demonstrating 
the  fitness  of  the  steam  turbine  for  ma- 
rine service  on  the  high  seas,  as  that 
which  marked  the  evolution  of  electric 
railway  traction,  the  former  did  not  seem 

i4S2) 


to  attract  attention  or  appeal  to  the  pop- 
ular imagination  so  strongly  as  did  the 
latter.  The  results,  however,  were  none 
the  less  remarkable. 

A  Turbine-Driven  Torpedo 

Beginning  with  the  simplest  applica- 
tion of  the  steam  turbine  for  the  pro- 
pulsion of  vessels  through  water,  the 
Howell  automobile  torpedo  invented  by 
Admiral  Howell,  of  the  United  States 
Navy,  may  be  cited,  since  that  device  is 
equipped  with  a  small  Dow  steam  tur- 
bine. This  turbine  developed  about  ii 
horse-power  at  60  pounds'  pressure  of 
steam  just  prior  to  the  firing  of  the  tor- 
pedo from  its  tube  on  the  torpedo-boat. 
In  this  type  of  torpedo,  the  propelling 
mechanism  comprised  only  the  turbine, 
w^eighing  a  little  less  than  150  pounds. 
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the  steam  from  the  torpedo-boat's  l)oiler 
beingi^  utiHzcd  in  pettinj^  it  up  to  speed, 
and  the  iiiuiiKiituni  of  its  heavy  lly  wlucl 
then  serving  to  carry  it  throuj^di  the 
water. 

In  the  center  of  the  torpedo,  the  lly 
wheel  was  lialanced.  heinjj^  geared  up  to 
the  shafts  of  two  propellers,  the  turl)ine 
providing  the  motive  jxiwer  to  spin  the 
fiv  wheel  at  the  rate  of  about  i.ooo  revo- 
lutions  per  minute,  with  a  peripheral  ve- 
locity (^f  nearly  seven  miles  i)er  minute. 
This    very    hi,i,di    speed    was    transmitteif 


the  evidence — theoretical,  as  well  as  em- 
pirically adduced — pointed  to  the  st«-ani 
turbine  as  the  one  type  of  prii  er 

itleally  adapted  for  tli  '    .ju  oi  all 

classes  of   vessels,   m..;. en    vcars 

elapse*!  before  the  maiden  trip  of  the  tjr'st 
trans-.Xtlantic  turbine  steamship  -the 
/  'iitortiiit,  of  the  Allan  IJnc — was  made. 

The  "Turbinia" 

In    1S94  a   syndicate  was   fonncd   for 

tbe  purj)ose  of  testinj^  the  eflirienev  of 
the    turbine   on    the    sc.i,    .111. 1    ilw      ■,««.. 


■^Hh 


r 
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NEW  TL' RHINE  STEAMER  IICTORIAN. 
Allan  Line  of  Royal  Mail  Steamships.—  First  vessel  of  tliis  type  in  trans-Atlantic  Service. 


to  the  propellers  before  the  torpedo  was 
ejected,  the  stored-up  energy  of  the  tly 
wheel  enablinj^  it  thereafter  to  run  a  dis- 
tance of  over  half  a  mile  at  a  speed  of 
22  knots  an  hour. 

The  Parsons  Turbine 

The  work  of  the  1  Ion.  C.  A.  Parsons, 
who  devised  the  first  practicable  turbine 
whereby  the  enormously  hi^h  speeds  of 
the  sin,t:^lc-whcel  type  as  developed  by  De 
Laval  could  be  reduced  by  introducinj^f 
what  is  now'  known  as  the  "multiple-step" 
system,  made  it  possible  to  eliminate 
g^earing-  and  to  drive  dynamos  or  pro- 
pellers by  coiuiectinc;'  tlicm  directly  to 
the  shafts  of  the  rotating  elements. 

This  was  in  1884,  and  was  the  real 
beginning  of  the  g<gantic  industry  that 
has  since  been  built  up  for  the  manu- 
facture of  steam  turbines,  in  both  Europe 
and  America.     Xotwithstanding  that  all 


h(irse-power  yacht  Tnrhin'nx  was  con- 
structed. ( )n  the  first  trial,  this  little  ves- 
sel ha<l  seven  propellers  designed  to  de- 
veloj)  high  speed;  but  she  did  not  meet 
with  the  success  that  was  confidently  ex- 
pected of  her,  for  it  was  ascertaine«l  that 
the  velocity  of  the  screws  was  so  great 
that  a  vacuum  was  f(»rmeil  around  them 
— technically  called  "cavitation" — by  the 
centrifugal  action  of  the  blades,  the  pro- 
pellers revolving  so  rapi<lly  that  the  water 
was  force<l  out  faster  than  giavitv  ro»ild 
fill  the  space  thus  formed. 

The  investigations  which  followed  this 
discovery  showed  that  the  speed  of  the 
screw  must  be  slowed  down.  Further 
considerations  led  the  engineers  to  re- 
adjust the  screws,  and  three  propellers 
were  set  on  a  single  central  shaft.  On 
the  next  trial,  the  Turhinia.  with  a  pro- 
peller speed  of  2.000  revolutions  per  min- 
ute, showed  marvelous  speed  making  the 
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Bov.'  View  of  "Victorian"  before  Launching. 

record-breaking  run  of  ^ly^  knots  per 
hour;  this  she  subsequently  increased  by 
i^  knots. 

Over  twenty  trial  trips  were  made, 
ranging  from  6^  knots  per  hour  to  the 
maximum,  under  conditions  varying 
from  calm  weather  and  smooth  water  to 
rough  seas  witli  the  wind  blowing  half  a 
gale.    Under  all  these  varying  conditions. 


-Nss 


stroyer  Viper.  In  its  way,  this  vessel  was 
also  a  marvel  of  the  steam  and  naval  en- 
gineers" arts,  for  there  were  two  high- 
and  two  low-pressure  turbines,  each  of 
which  was  direct-connected  to  an  inde- 
pendent shaft  carrying  two  screws.  The 
turbines  driving  these  propellers  were 
only  35  and  50  inches  in  diameter,  re- 
spectively; but  they  developed  over  10,- 
000  horse-power,  and  forced  the  boat 
through  the  water  at  the  phenomenal  rate 
of  43  statute  miles  per  hour. 

The  steam  was  supplied  to  the  turbines 
by  water-tube  boilers  having  15,000 
square  feet  of  heating  surface  and  2)7^ 
feet  of  grate  surface,  wath  steam  at  175 
pounds'  gauge  pressure.  This  whole 
equipment  was  contained  in  a  vessel 
measuring  only  210  feet  in  length,  21 
feet  beam,  and  having  a  displacement 
of  375  tons. 

The  Cobra,  another  turbine  torpedo- 
boat  destroyer,  was  built  on  the  same 
general  lines  as  the  Viper,  and  was  for 
a  time  successfully  operated  ;  but,  owing 
to  the  frailty  of  the  craft,  it  was  unable 
to  withstand  the  tremendous  strain,  and 
was  finally  lost  at  sea. 

Turbine  Extended  to  Passenger  Service 

From  war  to  peace  is  always  a  good 
move.  Valuable  as  is  the  turbine  for 
torpedo-boats  and  destroyers,  its  greatest 


PLAN  OF  VICTORIA!^. 


the  screws  did  not  race,'  and  the  bearings 
remained  perfectly  cool.  Not  onlv  did 
the  Tiirbinia  attain  this  hitherto  unheard- 
of  speed,  but  this  she  achieved  without 
any  sacrifice  of  economv  in  fuel  con- 
sumption;  and  it  was  further  demon- 
strated that  the  turbine  did  not  increase 
the  steam  consumption  in  fast  running 
as  rapidly  as  did  the  reciprocating  engine. 

The  "Viper  and  the  "Cobra" 

_  The  next  boat  to  be  equipped  with  tur- 
bmes  was   the   British   torpedo-boat  de- 


mission is,  after  all,  to  speed  up  the  serv- 
ice of  the  passenger  steamship.  Through 
the  enterprise  of  the  Parsons  Turbine 
Company  of  London,  and  the  shipbuild- 
ing firm  of  Messrs.  Denny  &  Brothers 
of  Dumbarton,  Scotland,  the  keel  of  the 
first  of  the  passenger  steamships  to  be 
fitted  with  turbines  was  laid.  This  was 
the  King  Edward  VII.;  and  in  order  to 
obtain  actual  figures  for  comparison  in 
coal  consumption,  speed,  economy  of 
space,  and  other  valuable  data,  it  wa's  de- 
cided    to     build     along     lines     similar 
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to  those  cmhodictl   in  the  stcanicrs  ply-  pecially  in  view  of  tlv 

inp^  the   Clyde,   a   crack   i)a(I«lle-\vheelcr,  tlie  vtss.l  u.iv  ir.ar 

which  was  naineil  tlie  Diiilwss  of  Ilaniil-  iniiKition   .>i'  ihc   \ ; 

ton.  ill  even  the  most  n 

While    the    A.'m,^   Edivard     I'll,     was  ranKement.  that  Messrs.  IX-nny  iS 

filled   out   witli    high-   and   low-presMire  crs  were  coniinissioned  to  IniiM  an  aiidi- 


I'-it 
nr- 
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SECTIONAL  ELEVATION  OF  riCTOKlAX. 


.>tcani  turbines,  tlic  Duchess  of  UamUton 
liad  compoiHid  enjjines.  In  both  vessels. 
>team  was  raised  in  boilers  of  the  double- 
end  Scotch  type,  tlK'ir  measurements  be- 
ins^  20  feet  in  len.i,nh  and  i^  feet  in  di- 
ameter. These  furnaces,  of  which  there 
were  four  at  either  end.  were  operated 
under  forced  drau.L;;ht  with  closed  stoke- 
holds ;  and  the  cajiacity  of  each  under 
these  conditions,  as  estimated,  was  about 
.^GOO  indicated  horse-power. 

From  a  tabulated  coiu]iarison  of  the 
coal  consumed,  number  of  days  run,  and 
mileage,  it  was  found  that  the  Duchess 
of  Hamilton  had  an  average  speed  of 
16' J  knots  per  hour,  and  had  consumed 
8.87  tons  of  coal  i)er  mile  ;  while,  on  the 
other  hand,  the  average  s])eed  of  the 
King  Edzi'ard  J 'I!,  was  i8j/>  knots  per 
hour,  burning  8.47  tons  of  coal  per  mile. 
Had  the  Duchess  of  Hamilton  been  fitted 
with  triple  instead  of  compound  engines, 
her  consumption  would  b.ave  been  re- 
duced ;  but.  as  pointed  out  by  her  build- 
ers, even  had  she  been  so  ecpiipped  and 
then  driven  at  i8'/>  knots  on  service,  her 
fuel  consumption  would  have  been  over 
12  tons  per  mile,  as  against  8'j  tons  in 
the  King  Edward  I'll.,  which  corre- 
sponds to  a  saving  of  about  20  pei*  cent 
in  favor  of  the  turbine  steamer. 

These  deducti<ins  are  made  on  the  as- 
sumption that  the  Duchess  of  Hamilton 
was  left  as  she  was  in  displacement  and 
draft,  and  that  she  could  have  carried  en- 
gines powerful  enough  to  maintain  a 
speed  equal  to  that  of  the  King  Edxeard 
J'H.:  but  the  increased  weight  required 
for  triple  engines  to  do  this,  would  have 
resulted  in  a  very  considerable  increase 
in  coal  consumption. 

The  performance  of  this  new  turbine 
steamer  was  considered  so  successful,  es- 


tional  turbine  steamer  f'"-  •'•  •  '"lydc 
River  service.     The    laui  the 

Alexandra  followed  shortly  alterwanl. 

Xor  did  the  matter  end  lure;  for.  dur- 
ing these  trials,  the  directors  of  com- 
panies controlling  the  great  ocean  lim-rs 
l)ecamc  exceedingly  interested  in  the  new 
marine  engine  an«l  in  its  n 

able  features,  which,  besidi     :.. ;.. 

to  enumerated,  include  reduced  weight, 
lower  initial  cost,  decreased  up-keep, 
smaller  size  and  weight  of  pr'  "  etc. 
These  were  sufiiciently  i)romi!.  uidi- 

cate  that  large  and  fast  passenger  steam- 
ships for  ocean  service  could  be  similarly 
fitted  out  with  turbines,  with  equally  gcxHl 
results, 

The  diflference  between  river  steamers 
and  ocean  liners  is  a  very  considerable 
one ;   and   what   nu'ght  prove   succ*     •'  ' 
in  the  former  might  possibly  result  in    . 
astrous   failure    in    the    latter,    so    that 
neither  steam  engineers,  naval  archi* 
nor  the  steamship  cotnpanies  conld  a' 
to  take  the  sliglitest  chance  on  the 
come.     If  an  error  were  made,  it  would 
be  at  once  serious  and  irrejiarable, 
a  500-foot  vessel  havif  '     *    nn  turliiii.  > 
installed  would,  on  its  in  any  re- 

spect, blight  the  lives  of  those  who  de- 
signed her,  as  well  as  kill  the   further 


\  / 


G 
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proL  f  the  turbine  as  a  motive  power 

on  I i. 

The  Cunird  Turbine  Comml^«ion 

Hence  the  reason  for  the  o- 
of  the  Cunard   Turbine  Comnuiiion,  a 
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THE  ARUNDEL. 
Equipped  with  reciprocating  engines.— Used  by  the  Cunard  Turbine  Commission. 


body  composed  of  eminent  British  ex- 
perts, whose  duty  it  was  to  ascertain  by 
rig-id  investigation  the  relative  merits  of 
the  marine  turbine  and  the  reciprocating 
engine.  These  judges  deemed  it  ex- 
pechent  to  follow  the  example  of  the  ship- 
builders in  providing  two  vessels,  one 
of  each  type,  and,  as  before,  as  nearly 
alike  as  possible;  but  in  this  case  they 
must  be  seagoing-  craft. 

In  steamships  there  is  no  measurable 
amount  of  w'ork  done  as  there  is  in  gen- 
erating electricity ;  and  for  this  reason  a 
relative  comparison  of  steam  consump- 
tion in  propelling  both  types  of  ships  at 
the  same  speed  and  equal  draught  dis- 
placement had  to  be  made.  The  Com- 
mission was  enabled  to  obtain  two  such 
steamers  built  by  i^Iessrs.  Denny  & 
Brothers  for  the  Channel  service.  One 
was  the  Arundel,  fitted  w^ith  balanced 
twin  triple-expansion  engines  of  the  re- 
ciprocating type,  of  latest  design,  and  of 
such  construction  that  thev  w^ould  con- 
sume practically  all  the  steam  which  the 
best  Scotch  type  of  boilers  could  gen- 
erate, and  operating  twin  screws. 

The  complementary  vessel  was  the 
Brighton,  the  propelling  machinery  of 
which  comprised  three  "^sets  of  turbines 
manufactured  by  the  Parsons  Company. 
These  turbines  turned  three  shafts  having 
in  all  five  propellers  attached,  the  central 
shaft  having-  one  propeller,  and  the  two 
side  shafts  two  propellers  each. 

Without  going-  into  details  relating  to 
the  findings  of  the  Cunard  Commission, 
it  is  enough  to  say  that  not  onlv  were 
these  favorable  to  the  turbine,  but  the 


Commissioners  also  pronounced  the 
building  of  trans-oceanic  passenger 
steamships  to  be  perfectly  feasible. 

Orders  were  immediately  placed  by  the 
Cunard  Steamship  Company,  for  '  two 
fast  turbine  steamships,  which  are  ex- 
pected to  steam  25  knots  per  hour  at  sea. 
Of  these,  one  is  being  built  by  the  John 
Brown  Company,  Limited,  Clydebank, 
Scotland;  and  the  other,  by  the  Swan  & 
Hunter  Company,  Wallsend-on-Tyne, 
England, 

The  "Victorian"  and  the  "Virginian" 

Negotiations  were  also  entered  into  be- 
tween the  Allan  Steamship  Line  and 
Workman,  Clark  &  Company,  Limited, 
of  Belfast.  Ireland,  for  a  trans-Atlantic 
turbine  steamship,  since  named  the  Vic- 
torian; while  another  contract  was 
awarded  by  them  for  a  sister  ship,  the 
Virginia,  to  be  built  on  the  Clyde, 

pn  March  27,  of  the  present  year,  the 
Victorian  sailed  on  her  maiden  trip  from 


Comparison  of  Floor  Space  Required  for  Turbine 
AND  Reciprocating  Engines. 
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Liverpool  to  Halifax.  X.  S.  rhvinij.  how- 
ever, to  extremely  rouj^h  weallur,  .she 
lid  not  (Icinonstrate  her  full  speed  ca- 
pacity, thouj^di  hehavinj.!^  spletididly  and 
heiiii:  reinarkahly  free  from  vihratioii. 
Similar  characteristics  were  later  de- 
velopid  by  her  sister  ship,  the  riri;inian, 
which  made  the  j)assa}^c  from  Moville 
to  Halifax,  a  distance  of  2.5(K)  miles,  in 
(>  ila\s  iS  hours,  hreakiu};  the  world's 
record  for  mail  steamers  on  this  route. 
The  riri^iniiin  pulled  out  from  the  land- 
ing; stai4;e  at  Liverpodl  at  «^  r^o  v.  M..  .\i)ril 
6;  reached  Moville  at  .V4"  •'•  ^'•.  April 
7;  and  sailed  at  4:10  i-.  .\i,  the  same  (lay. 
arriving-  at  llalifax  at  10:45  a.  m.,  local 
time,  Ai)ril  14. 


of  the  turbine  lu  iuj;h-spcc<l  ocean  steatn- 
ships. 

1  his  is  the  first  time  in  the  history  of 
the  marine  steam  turbine  that  the  econ- 
omy of  s!  '  itaine<l  has  b.  •       • 

to  any  a<l  In  the  / 'u 

savin;^  has  b  |)rononncp(|  that  th<- 

builders  have  been 

freedom  an<l  ^reati  1    1 

ever  been  known  in  an  f 

her  size.    There  was  enoujjh  cxti 

due  t(j  the  reduction   in   > 

j^ines,  to  acconuno<late  ni.iii\    .iM>iir,' Mi.d 

passent^ers ;   but   it   was  decided    not    to 

sacrifice  the   room   thus  gained  by  pro- 

j^ressive     metho<ls      to     tlie     spirit     of 

commercialism.    The  additional  available 


I^BsUJ^iji  -flF^ 


THE  BRIGHTOS. 
Turbine  steamer  ust-ii  by  the  Cunard  Turbine  Comciission. 


The  J'ictoriaii.  as  also  her  sister  ship,  is 
a  haiKlsome  and  aristocratic  vessel.  1  ler 
lines  fore  and  aft  are  beautifully  i)ro- 
pt»rtioued.  swelling-  ^racefidly  into  a 
noble  breadth  amidships,  sug^}?esting  to 
the  traineil  eye  speed  and  stability,  l-'or 
her  beam  she  has  ijreat  depth,  since 
from  keel  to  tlyinj^-  bridi^e  the  distance  is 
nearly  75  feet.  She  has  a  len}j:th  over  all 
of  nearly  540  feet:  breadth.  60  feet ;  and 
depth.  40  feet ;  and  thoutjh  her  dimen- 
sions indicate  that  she  is  not  quite  as 
larc^e  as  some  of  the  more  recent  liners 
launched,  yet  there  is  no  such  disparity 
in  size  or  condition  compared  with  the 
larj:::est  now  afloat  as  there  was  l)etwcen 
the  Kiiii:  ndzi'ard  J '11.  or  the  Brii:,hton 
and  herself.  Evidently,  then,  the  success 
of  the  J'ictoriaii  and  J'ir<^i)iiaii  solves  for 
all  time  the  question  of  the  adaptability 


space  has  been  used  to  provide  greater 
comfort  for  the  three  classes  of  patrons 
which  the  ve.s.sel  will  carry.  She  has  ac- 
commodations for  1.300  i)assenjjers,  and 
a  capacity  of  8.000  tons  of  freij^dit. 

Tlie  new  turbine  liner  is  built  to  the 
hij.,diest  class  of  Uritish  Corporation 
Keiji.stry  of  .shii)pinR::  and  her  hull  has 
been  especially  strenj^hened  alwvc  the 
riij^id   requirements   of   the    '"  ition. 

as  an  ad<litional  .*;afej;uard  ..^..  :  the 
heavy  weather  of  the  Xorth  .Atlantic. 

Tlie  J'ictorian  is  lij^hted  throujjhout  by 
electricitv.  A  comj)Iete  outfit  for  print- 
ing: anything,  from  a  menu  to  a  jjcxkI- 
sized  daily  paper,  is  inclu<Ied  in  her  ap- 
pointments :  as  well  as  a  Marconi  installa- 
tion for  wireless  (•  '  hy.  which  will 
serve  to  keep  the  bi;  .,  man  <lurinLr  the 
vovacre   in   communication   with   his   as- 
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sociatcs.  tlic  traveler  close  to  his  friends, 
and  the  invahd  in  touch  with  his  spe- 
cialist. Some  decry  the  use  of  wireless 
apparatus  on  board  as  detracting  from 
that  isolation  which  is  one  of  the  great 
charms  of  a  sea  trip ;  but,  with  all  our 
iove  of  nature,  there  are  few  of  us  who 
care  to  suffer  separation  from  the  world 
for  long- ;  and  ih  certain  cases  easily 
imagined,  the  desirability  of  communica- 
tion goes  without  saying. 


mission  for  purposes  of  warfare  and  the 
more  peaceful  pursuits  of  commerce  and 
pleasure — for  example,  the  steam  yacht 
Tarantula,  built  by  Messrs.  Yarrow  & 
Company,  Limited,  Isle  of  Dogs,  Poplar, 
London.  All  of  these  have  done  their 
full  quota  of  service  in  helping  to  in- 
spire confidence  in  the  capabilities  of  the 
turbine  while  this  type  of  prime  mover 
was  even  younger  than  it  is  now. 

From  the  above  data  it  will  be  observed 


TURBINE  YACHT  TARANTULA. 
Showing  how  the  propellers  are  mounted  on  the  shafts. 


To  return  to  the  mechanism  of  the  new 
ship,  it  is  noteworthy  that  the  propellers, 
which    are    of    manganese    bronze,     are 
amazingly       small.       seeminglv      better 
adapted  to_  a  tugboat  than  to  an  Atlantic 
liner.     This  decrease  in  size  is  rendered 
possible  since  the  propellers  are  turned 
at  a  much  higher  rate  of  speed  than  is 
possible  with  reciprocating  engines.    The 
accompanying  diagrams  show'the  method 
of  connecting  the  three  shafts  carrying 
the  screws  to  the  turbines,  two  operating 
at  low  pressure,  and  the  center  one  at 
high  pressure.    The  speed  the  propellers 
work  under  is  about  300  revolutions  per 
minute,  and  the  smooth  and  even  motion 
of  the  ship  is  due  in  no  small  measure 
to  the  reduced  proportions  of  the  screws 
and   the   rapidity   with   which    they   are 
driven.  ■ 

These  are  the  most  important  develop- 
rnents  in  the  history  of  the  steam  tur- 
bine as  a  prime  mover  on  the  water; 
but  there  have  been  a  number  of  other 
vessels  designed,  built,  and  put  into  com- 


that  the  evolution  of  the  marine  turbine 
steamship   has   taken   place    almost    en- 
tirely in  Great  Britain ;  but  according  to 
Air.  Westinghouse.  whose  company  con- 
trols die  patent  rights  in  the  Parsons  tur- 
bine in  the  United  States,  a  great  turbine 
industry  for  marine  service  of  every  class 
wmII  speedily  be  built  up  in  this  country. 
Simultaneously  with  the  sittings  of  the 
Cunard  Commission  in  England,  a  Tur- 
bine   Board    of    Inquiry    was    appointed 
by  our  own  Government  to  determine  the 
efficiency  of  the  steam  turbine  as  a  sub- 
stitute  for   the   engines   now   in   use  on 
our  warships.     Both  the  Westinghouse- 
Parsons  and  the  Curtis  turbines,  the  lat- 
ter built  by  the  General   Electric  Com- 
pany,  were   fully   considered   in  the   re- 
port of  the   Board,  which  was  couched 
in  diplomatic  language.     Though  favor- 
ably   inclined   toward   the   new    engines, 
the  Board  of  Inquiry  decided  to  recom- 
mend,     for     the      present,      that      only 
one  or  two  trial   vessels    be    built    and 
equipped  with  them. 


How  a  Statue  is  Born 


The  Craftsman's  Side  of  the  Sculptor's  Art 


By  C.   H.  CIAUD-i 


Ml\"Il  lias  been  written  on  the 
art  sitle  of  craft,  hut  compara- 
tively little  on  the  craft  side  of 
art.  Techni(iue  is  i^'^tiu- rally  un- 
derstood to  be  indispensable  and  hardly 
comes  under  the  heading^  of  craft :  but 
in  some  forms  of  art,  manual  skill,  quite 
outride  of  techni(|ue,  is  a  re(|uisite  as 
necessary  as  artistic  skill.  The  makinc^ 
of  artistic  pictures  bv  i)hotojTraphy  is  one 
instance,  and  the 
making  of  statues  is 
another,  and  an  even 
more  important  and 
interesting^  one.  It  is 
doubtful  if  one  person 
in  ten,  admirinc^  some 
effort  in  bronze 
standini::  in  a  public 
park,  has  any  idea  of 
the  immense  amount 
of  manual  labor,  me- 
chianical  skill,  a  n  d 
trained  craft  neces- 
sary to  produce  the 
result  seen.  Xor  is 
the  actual  cystine;-  of 
the  bronze  referred  to 
— a  subject  which  has 
often  received  full 
treatment  in  both  the 
technical  and  the  lay 
press. 

The  photoj:::raj)hs 
accompanyinj:;'  this  ar- 
ticle are  from  the 
Dunbar  statue  of 
Shepard.  the  p^reat 
W'ashinti^ton.  D.  C 
patriot,  who  did  so 
much  to  beautify  and 
improve  the  city  from 
a  purely  civic  point 
of  view.  The  descrip- 
tion to  follow  has 
been  hunsf  on  this 
particular  instance  as 


a(k(|uatcly    illusiratinff    thi'^^ 
art-craft.      It   is  unclcrstcxxl,    oi    . 
that  drtails  ditTrr  in  in«livi<b     ' 
the    j.;;ciur;d    |.r;iiiiiili  s    ,.ri- 
all  cases. 

The  Study-Mudcl 

The  tirst  thing  the  artist  has  to  do  in 
preparing  a  statue,  is  to  make  a  "slinly- 
model,"  as  it  is  called — a  small  replica  of 


PuTTijio  TH«  Pla»tm  o*  the  Clat. 
Note  the  "•keletoo"  of  Iron  pipe. 
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Separating  the  Two  Halves  of  the  Molld. 

A  maliet  and  wedge  are  used,  the  assistant  supporting  the  weight'of  the  mould  with 

block  and  tackle.-!  he  upper  half  of  the  mould  has  been  taken  off  showing 

the  destruction  wrought  i»the  clay. 


the  statue  that  is  to  be,  which  must 
win  the  approval  of  those  who  are  erect- 
ing the  statue.  In  the  present  case  the 
small  model,  seen  at  the  right  in  one 
of  the  pictures,  is  very  different  from  tlie 
finished  product,  but  suggests  faithfully 
the  main  characteristics.  When  Mr. 
Shepard  was  in  \\'ashington  in  1905,  Mr. 
L .  S.  J.  Dunbar  made  some  photographs 
of  him,  in  the  pose  which  Mr.  Siiepard 
himself  selected  as  the  one  he  would  most 
prefer  to  have  perpetuated.     From  these 


knew  Shepard  have 
said,  on  seeing  it,  that 
they  expect  it  to 
speak. 

The  Clay  Model 

The     model     com- 
pleted   in    clay,    built 
on    a    foundation    of 
iron   pipe  and   rough 
scantling,  is  only  the 
first     step,     however. 
yiuch.   remains   to   be 
done  before  the  com- 
pleted bronze  is  readv 
to  be  put  on  its  ped- 
estal.   And  right  here 
the    art    work    takes 
a  position  in  the  back- 
ground,    and     makes 
way    for    the    skilled 
craftsman,  whose  task 
it  is  to  reproduce  the 
clay,  first  in  a  mould, 
then  in  a  plaster  cast, 
which,     in     turn,     is 
given     over     to     the 
bronze    founders    for 
final    reproduction    in 
metal. 

Mr.  Dunbar  has  a 
great  advantage  over 
some  brother  sculp- 
tors, in  being  himself 
a  skilled  caster,  thus 
not  having  to  depend 
upon  the  uncertain 
services  of  the  profes- 
sional manipulator  of 
plaster  of  paris.  Just  how  valuable  this 
feature  is  to  the  sculptor,  no  one  can 
know  who  has  not  seen  the  painstaking 
work  of  many  months  ruined  in  a  day 
by  unskilled  fingers. 

The  Mould 

The  clay  having  been  thoroughly 
dampened— it  is  always  damp,  but,  be- 
fore casting,  receives  a  further  sprinkling 
— the  first  operation  consists  in  apparent- 
ly ruining  the  statue  by  sticking  it  full 


photographs  and  from  personal  memories      of  piece    Sf  in  stiick  in  ;/       •  "^- ''       u 
of  the  subiect.  the  .sn  h.fnr  1..=  .w.^.A^A  E    ''.^'  °*  tin,  stuck  n  edgewise,  in  such 


of  the  subject,  the  sculptor  has  chiseled 
a  statue  which  is -a  faithful  portrayal  of 
the  man  as  he  was — not  an  ideal  portrait, 
by  any  means,  but  a  reproduction  of  form 
and  features  so  lifelike  that  those  who 


a  manner  as  to  divide  the  statue  into 
territories  each  of  which  must  bear  such 
relation  to  the  other  that  the  moulds 
made  on  each  side  of  these  divisions  wilf 
part  each  from  each,  readilv  and  easily. 


//oil'  A  ST.  I  TVE  /S  nORX 
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In  the  Shtpanl  statue,  these  divisions 
run  up  and  down  the  sides  nf  the  trous- 
ers, the  arms,  the  head,  an«l  the  shoulders, 
as  well  as  the  scroll  the  suhject  holds 
in  his  hand  ;  and  they  end  in  the  plinth, 
or  small  foothold,  on  which  the  statue 
rests.      The  pieces  of  tin  are  about  four 


Some   decided  colorinp  matter    (in   this 

iii>taiive   it   was   : 

thi>  lirst  coat,  foi   ,» 

appear    later.      This 

thrown  onto  the  clav.  a  han«I 

and  the  ^x< 

spot  ol  the  t  ..!_■    .-  viMiiiii^  i:>»_!\   luuciiUi- 


REMOVING  PACKING  1  ROM   I.OWKK  Mol  Ll>. 
Note  that  the  coat-tails,  which  would  not  "draw,"  are  cotnplcieir  carried  away  io  the  rooiiUI. 


inches  wide,  and  of  varyin},^  lenj^ths  ac- 
cording^ to  the  positions  they  occupy  on 
the  statue,  the  larger  ones  on  the  lon^ 
stretches,  the  shorter  ones  on  the  hands, 
the  head,  the  feet,  the  scroll,  etc. 

The  divisions  of  tin  having^  been  put 
in  place  (a  delicate  operation,  since  on 
the  accuracy  of  this  work  depenfls  the 
success  of  the  mould),  tlie  first  coat  of 
tlic  mould  is  put  on.  It  is  plaster  of 
paris.  ground  fine,  without  himps.  and 
mixed  to  the  consistencv  of  thick  cream. 


tion  filled,  and  all  crevices  stuffed  tightl) 
with  the  plaster.  This  first  coating  is 
not  more  than  a  rpiarter  of  an  inch  in 
thickness,  the  idea  heinj,^  to  make  a  shell 
which  will  perfectly  touch  every  |)art  of 
the  clay,  leaving  to  subsetiuent  operations 
the  thickening  of  the  mould.  This  col- 
ored coating  having  set.  white  plaster" is 
put  on,  moving  from  head  to  f«K)t  of  the 
statue,  until  a  depth  of  perhaps  half  an 
inch  is  reached.  Then  comes  the  frame- 
work of  the  mould — the  skeleton,  as  it 
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■were — made  of  pieces  of  iron  pipe,  bent 
into  fantastic  shapes  to  meet  the  recpiire- 
nients.  I'laster  is  applied  over  tliese 
stren^aheners  witli  a  hheral  hand,  niitil 
the  mould  is  four  to  six  inches  thick  in 
the  teniler  parts,  down  to  an  inch  or  so 
where  no  strain  is  {o  he  feared.  The 
plaster  is  mixed  in  a  pan  hv  an  assistant, 
and  thrown  on  by  the  caster,  he  usinj^ 
only  his  hands  for  the  work.  The  picture 
p[ives  a  very  ijooil  idea  of  how  tin-  whole 
thin<^  looks  when  nearly  done,  and  shows 
Mr.  Dunbar  smoothing^  down  a  handful 
of  plaster  he  has  just  applietl. 

After  the  plaster  is  thorouj^hly  set, 
twenty-four  hours  beins^  allowed  for  the 
purpose,  the  dainty  and  difficult  o])cration 
of  detachings  the  mould  is  to  be  under- 
taken. The  difficulty  is  that  in  many 
places  the  mould  will  not  "draw" — that 
is.  it  has  entered  the  crevices  and  flowed 
arountl  tiie  projections  of  the  statue,  so 
that  there  is  no  g^ettinpf  it  off  without  de- 
strovinj'  the  clav.  and  clav  is  tenacious. 
The  plaster  niouUl  is  made  strongs  enoug^h 
to  stand  the  strain,  but  the  (picstion  is — 
Will  it  come  easily.  l)rt.akin<::S  most  o{  the 
clay ;  or  hard,  breakinj^  the  mould  ? 

In  another  illustration  is  shown  .Mr. 
Dunbar  with  mallet  and  chisel,  forcinjj^ 
apart  two  halves  of  the  lower  mouhl.  while 
his  assistant  supi)orts  its  wei.tjht  and  ex- 
erts a  gentle  pull  upwards,  by  means  of 
a  block  and  fall.  The  upper  half  of  the 
mould  has  been  removed,  in  this  picture; 
and  the  broken  head  and  demolished  arm 
show  how  difficult  an  operation  it  was. 

Ill  another  picture  is  shown  the  re- 
moval of  the  rear  lower  mould,  the  en- 
tire coat-tails  coming  away  in  the  process. 
This  was  the  most  difficult  of  all.  and  re- 
quired patient  work  with  the  wedge  and 
mallet,  continuous  pulling  on  the  tackle 
and  a  constant  sfjuirting  of  water  down 
the  back  of  the  statue  to  loosen  the  ad- 
hesive clay.  The  front  of  this  lower 
mould  was  not  removed  from  the  clay, 
but  the  clay  dug  out  of  the  mould,  a 
somewhat  lengthy  and  tedious  process, 
but  much  safer  than  attempting  to  drag 
off  the  plaster.  Of  course,  sometimes, 
the  mould  does  break  in  places,  in  which 
case  the  pieces,  even  <lown  to  small  .splint- 
ers, are  preserved  ;  and,  when  ready  for 
the  casting,  these  are  stuck  together  again 
^vith  more  plaster.     A  bad  break  is  not 


so  vital  a  matter  as  it  wmild  apiR'nr  lut 
of  course  is  to  be  avoided  when  p 

The  FMistcr  CaM 

.\fter  all  the  moulds  art-  rcmnvtWl.  thrv 

nuist   l)e   cUatiiil    up   th 

are  then  gnascd  with  ;» 

made  for  the  puri)os«.-,  ; 

plaster,  which  will  lie  pom  thnn. 

will   not   stick.     Thi 

dainty  operation.     .\ 

is  run  into  all  the  h.. 

and  covered   with  coarse  burlap,  whiih 

acts  as  a  binder.     The  halves  are  then 

fitted     together,    and     niore     ;'     •   - 

poured  in.  the  monltl  being  ti; 

as  this  is  done,  until  the  entire  interior 

is  covered  to  a  depth  of  several 

In  the  case  of  the  lower  part  of  t 

lire,  the  mould  is  placed  around  .. 

skeleton  of  pipe  and  wot)d.   .\  "\n-\  "  joint 

is  pre])ared.  and  .set  in  the  lower  ancj  u|»- 

per  half  of  the  figure  in  .soft  plast'  • ' 

then  the  two  halves  are  fiffrd   t' 
and     the     plaster    allowe*!  larden. 

(  )l)viously.   they   may   now    Ik  ti-d 

and  jointed  as  often  as  may  1..  -,.  -.led. 
with  the  certainty  that  the  joint  will  al- 
ways be  absolutely  true.  The  arms  are 
attached  in  two  ways — cither  by  tackini: 
on  with  small  nails,  or  by  making  ■"key" 
joints,  which  are  entered  from  the  top, 
so  that  gravity  kee|)s  the  arms  in  place. 

.\  fourth  illustration  shows  this  feat- 
ure, the  upper  part  of  the  bust  Iwing 
gently  lowere<l  into  the  key,  by  an  as- 
sistant, while  Mr.  Dunbar  guides  it  into 
place.  The  arms  are  lying  at  the  feet 
of  the  statue,  which,  in  their  turn,  are 
set  on  "key"  joints,  which  fit  intt)  the 
|)Iinth.  Counting  the  plinth,  or  l>ase, 
the  statue  is  cast  in  plaster  in  five  |>ieces 
— the  plinth,  the  legs  up  to  the  waist,  tin- 
bust  and  heatl,  and  the  two  arms. 

It  is  in  the  removal  of  the  mould  from 
the  plaster  cast  which  it  contains,  that 
the  importance  of  that  first  Cf»ating  of 
colored  plaster  is  seen.  The  mould  must 
be  dcstroyecl  to  get  at   the  cast   within  : 

and  were  it  not  for  the       '  •    '     "  ■ 

between    the   two,   the 

manv  times  dig  too  deeply  with  his  chisel 

and  sp.ijl  s.itiic  feature  of  the  ca.st.     P.nt 

when,   in   bre.i'  • ff    the    mould,    he 

comes  to  the  >  stratum,  he  knows 

that  he  is  close  to  the  ca.st  beneath,  anff 
proceeds    with    care    accordingly.       In 
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most  cases  the  moulds  come  away  easily 
when  the  parts  which  will  not  draw  are 
broken  away,  l)ut  these  have  to  be  care- 
fully chiseled  out. 

Another  illustration  shows  the  com- 
pleted plaster  model ;  and  still  another, 
the  clay  from  which  it  was  made.  Ex- 
cept for  the  difference  in  color  and  in 
the  presence  of  the  joints  in  the  plaster, 
these  two  reproductions  are  identical. 

The  Bronze  Casting 

The  plaster  cast  is  shipped  to  the 
bronze  caster,  who  makes  a  new^  mould 
in  hundreds  of  pieces  (for  every  part 
must  "draw").  Each  of  these  pieces  is 
separately  baked  (they  are  made  of 
sand),  and  they  are  finally  fitted  together 
in  sections,  and  the  bronze  cast,  also  in 
five  pieces.  These  five  pieces  are  then 
set  up  and  brazed  together ;  and  the  re- 
sult, save   for  a   little  finishing,   is   sub- 


stantially what  is  seen  in  public  parks, 
buildings,  etc. 

The  story  of  the  bronze  casting,  how- 
ever, is  too  long  to  more  than  outline ; 
interesting  as  it  is,  it  has  been  told  be- 
fore. But  the  preparation  for  this  cast- 
ing— the  making  of,  first,  the  clay;  then 
the  mould  which  destroys  the  clay;  then 
the  cast  which  destroys  the  mould;  and 
finally  the  fitting  together  of  the  whole 
— is  a  chapter  of  the  story  not  so  well 
known.  It  is  difficult,  dirty,  dainty,  and 
fascinating  work,  which  demand's  the 
very  highest  degree  of  skill  in  the  caster, 
notwithstanding  much  of  it  is  manual 
labor  pure  and  simple. 

No  one  who  has  ever  seen  the  succes- 
sive steps  involved  in  the  making  of  a 
statue  can  fail  to  be  impressed  with  the 
importance  of  a  thorough  knowledge  of 
craft  in  one  of  the  noblest  of  the  arts — 
that  of  sculpture. 


^^^ 


The  Noblest  Art 


H,  to  build,  to  build !     That  is  the  noblest  art 
of  all  the  arts. 

Painting  and  sculpture  are  but  images, 
Are  merely  shadows  cast  by  outward  things 

On  stone  or  canvas,  having  in  themselves 

No  separate  existence.     Architecture, 

Existing  in  itself,  and  not  in  seeming 

A  something  it  is  not,  surpasses  them 

As  substance  shadow. 

Henry  Wadsworth  Longfellow. 


SUCTION  IIOPli-iv  I  ,-.: 
Built  for  the  Archancel  Harbor  Work*  on  tha  Whiio  S««,  at  i: 
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Modern  American  and  European  Dredges 

A  Class  of  Machinery  which  for  Several  Years  to  Come  will  be  I  ^peclall> 

Prominent  in  the  Public  Eye 


By  FRANK  C.  PERKINS 

ConsiiUiiit:  tlcciric.il  Eiiuiticer 


OX  this  side  of  the  Atlantic,  the 
.Upper  (Iredij^e  is  prohahly  more 
largely  used  in  lakes  and  rivers 
than  any  other  type ;  but  the  hy- 
draulic dredge  has  also  been  utilized  very 
larp^elv  in  American  waters.  The  lad- 
der dredp^es.  as  well  as  the  clam-shell 
anil  hydraulic  types,  have  been  more  ex- 
tensively empinyed  in  Europe  and 
abroad,'  the  latter  includin.ir  electric  as 
well  as  steam-ilriven,  straii;ht-away,  for- 
ward-feedinc:,  radial-feedinK^  a"d  lateral- 
fecdinjj  dredj^^es.  and  seagoing  hopper 
styles  of  dredges. 

A  most  interesting  powerful  dredge 
for  liarbdr  work,  the  Vulcan,  shown  in 
the  accompanying  illustration,  was  re- 
centlv  constructed  for  the  Mersey  Hocks 
and  Harbor  Hoard  service  at  Liverpool, 
bv  Ferguson  Brothers,  of  Port-Glasgow. 
This  dredge  is  of  the  center-ladder, 
barge-loading  form,  having  a  moulded 
tlepth  of  14  feet  and  a  width  of  42  feet. 
It  is  207  feet  long,  and  is  propelled  by 
twin  screws  driven  by  a  triple-expansion 
engine  having  a  capacity  of  T.nno  II.  P. 
Tt  was  constructed  for  dredging  very 
hard  material  such  as  is  encountered  in 
the  bed  of  the  river  at  Liverpool.     The 


J'ltlcan  has  a  capacity  of  j.c 
pounds  of  material  per  liour.  ami  .. 
at  a  maximum  depth  of  nearly  ^10  feet. 
It  was  designed  with  14  water-tight  com- 
partments in  the  hull ;  ntnl  the  lujcket 
ladder  is  so  arranged  that  it  passes  out 
ahead  of  the  hull  so  as  to  work  close  to 
the  piers  and  .sea  wall.  When  soft  ma- 
terial is  encountered,  the  dri<lging  may 
be  done  at  a  comparatively  high  rate  of 
speed  ;  while,  by  an  arrangement  of  two- 
speed  gear,  the  hardest  material  can  l>c 
handled  l)y  the  btickets  at  a  lower  rate 
of  speed.  The  bucket  chain  is  c«)n- 
structed  of  manganese  steel,  and  carries 


Thr  D««oc«  ••VutXAH." 
built  (or  Mnrice  in  Liverpool  Harbor. 


(r«) 
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Canadian   Dredge  "J.    Israel   Tarte 
Dredging  the  St.  Lawrence 
Ship-Channel. 

Holds  world's  record  for  performance 


about  50  buckets,  each  having  a  capacity 
of  21  cubic  feet.  This  boat  has  a  max- 
imum speed  of  about  nine  knots  per  hour. 
The  triple-expansion  engine  has  steam 
reversing  gear,  and  develops  1,250  I.  H. 
P.,  being  supplied  with 
steam  from  two  multitubu- 
lar cylindrical  boilers.  The 
coal  is  stored  back  of  the 
bucket  ladder,  the  bunkers 
having  a  capacity  of  100 
tons  of  fuel.  The  bucket 
ladder  is  hoisted  by  a 
steam-driven  gear,  a  two- 
cylinder  engine 
mounted  on  the  hoist  on  the 
deck,    driving    a    grooved 


drum-gear,  by  a 
sun  -  and -planet 
motion.  For 
controlling  the 
bucket  ladder,  a 
set  of  double  friction  brakes  are  provided,, 
so  as  to  hold  or  lower  the  load  as  desired. 
An  additional  steam  winch  is  provided 
on  the  deck  for  other  purposes,  including 
the  overhauling  of  the  links  and  buckets. 
The  accompanying  draw- 
ings show  the  details  of 
construction  and  method  of 
operation  of  the  hydraulic 
dredge  /.  Israel  Tarte^ 
which  was  designed  and 
constructed  at  the  Canada 
Poison  Iron  Works  at  To- 
ronto, for  dredging  the  St. 
Lawrence  ship-channel. 

The  Dutch  dredge  Re- 
gcnce,  in  use  at  Tunis,  the 
French  port  on  the  north- 


BUCKET-DREDGE  ELEVATOR  WITH   SPOIL  DISTRIBUTER. 
Constructed  for  use  in  Germany. 


MODEK\  AMEKJCAX  A.\D  EUKOPEA.X  DRt.Dul.S 


in 


em  coast  of  Africa,  is  also  of  the  hy-  'which  is  attained  with  a  consumption  of 
draulic     type;     hut     the     latter     tlreUge      coal  of  950  kilojjranis  (joy.5  |)oumls)  i>cr 

is  constructed    for  operation   with   chain      hors^  '         . 


buckets  as  well  as  by  >uclion,  the  pumps 
and  suction-pipes  beinj^  located  in  the 
forward  part,  and  the  bucket  and  chain 
^'t|uif)iuent  at  the  rear.  The  dreil^e  will 
operate  at  a  depth  of  7.5  meters  (about 
24.6  feet),  the  speed  of  operation  bein^ 
from  8  to   12  buckets  per  minute,  each 


II;.  \\\    ,.■.    I  <>'    i)1l 

tical    ct 

pines,    each    havnifj    a    cajKicr 

h  •     • 


cn- 
90 

with 


su 


injj  a  heatiu}^  surf.. 
(t/>7  square  feel)  ami  su 


steam  to 


SEAGOING  HOPPER  DREDGE  FERDINAND  I. 
Owned  by  the  Bourt:as  Harbor  Works.  Bulearia. 


having  a  capacity  of  12  liters  (0.423  cubic 
feet).  The  output  is  from  50  to  120  cubic 
meters  (59.5  to  143  cub.  yds.)  per  hour 
with  the  chain  and  bucket ;  while  the  suc- 
tion pumps  deliver  120  cubic  meters  per 
hour  to  the  scows  or  barpes  aIonj:jside  the 
dredge,  which  have  a  capacity  of  250 
tons.  The  hull  of  the  flredge  is  con- 
structed of  Siemens-Martin  steel,  meas- 
ures 40  meters  ( 131.2  feet )  in  length. and 
7.55  meters  ( 24.H  feet)  in  width,  and  has 
a  depth  of  3.65  meters  (12.0  feet).  The 
dredge  draws  3  meters  (9.8  feet)  when 
loaded  with  15  tons  of  coal  and  3  tons 
of  water,  and  draws  2.25  j^ieters  (7.4 
feet)  unloaded.  It  was  designed  for  a 
Speed  of  five  and  a-half  knots  per  hour, 


the  engines  at  a  pressure  of  8  kilograms 
(  17'). 2  pouiuls)  per  s<|uare  centimeter 
(0.155  sq.  in.).  .\  dynamo  is  installed, 
operated  by  a  vertical  steam  engine  by 
direct  connections,  for  lighting  the  engine 
rooms  and  cabins  of  the  dredge  with 
incandescent  electric  lights,  arc  lights 
being  utilized  for  the  outside  light: 

Tlie  Canadian  dredge  7.  Israel  'I  arte 
has  a  steel  hull  of  42  feet  lx«am  and  12' 1> 
feet  depth,  its  total  length  being  I'o  feet. 
The  hull  is  constructed  of  steel  plates  H 
inch  thick  on  the  sides,  and  '  2  inch  thick 
on  the  bottom.  This  drcclge  is  of  the 
suction  type,  with  a  well  from  8  to  lo 
feet  wide,  the  latter  width  l)cing  at  the 
forward  end  to  receive  the  cutter. 
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This  dredge  is  at  work  on  the  St.  Law- 
ercnce  river,  deepening  and  widening  the 
channel  through  Lake  St.  Peter.  The 
channel  is  heing  deepened  to  30  feet,  with 
a  total  width  of  450  feet.  The  dredge 
was  designed  by  Mr.  A.  W.  Robinson 
for  a  working  rate  of  2,000  cubic  yards 
per  hour.  It  was  necessary  to  construct 
a  floating  pipe  line  so  as  freely  to  permit 
of  the  movements  of  the  dredge,  and  to 
withstand  the  waves  and  w^nds,  which 
are  particularly  severe  at  times 
in  this  locality.  The  pipe  line 
is  very  long,  and  is  made  up 
of  sections  100  feet  in  length, 
the  main  central  pipe  carrying 
the  material  being  3  feet  in 
diameter,  and  supported  by 
air  cylinders  on  either  side  33^ 
feet     in     diameter.     The     air 


The  main  engines  operate  at  a  speed 
of  150  revolutions  per  minute,  and  are 
of  the  triple-expansion  marine  tvpe.  The 
high-pressure  cylinders  measure  20 
inches  in  diameter;  the  intermediate,  31 
inches;  and  the  low-pressure  cylinders, 
50  inches  in  diameter,  with  a  stroke  of 
25  inches;  while  the  steam  is  delivered 
to  the  engines  at  a  pressure  of  150 
pounds  per  square  inch.  Four  boilers 
are  provided  for  supplying  the  necessary 
steam,  having  a  heating- 
surface  of  8,500  square 
feet.  The  dredge  is  de- 
signed to  carry  200  tons  of 
coal.  The  centrifugal  main 
pump     is     provided     with 


TWIN-SCREW  SUCTION-  AND  FORCE-PUMP  BUCKET  DREDGE  NICOLAS  GORA, 
Owned  by  the  Port  of  Marioupol.  Russia. 


chambers      and      the      central      conduit 
are    bound    together    by    truss    frames 
clamped    upon    them,    so    that  no  bolts 
or     rivets     were     placed     in     the     air 
chambers.       The     section     of     cut     re- 
quired was  5  feet  by  6  feet,  with  a  feed 
of  45  feet  per  minute.     The  material  is 
excavated  by  a   rotary  cutter  weighing 
20.000  pounds  and  measuring  9  feet  long 
and  9j^  feet  in  diameter.  The  steel  plates  ■ 
are  so  designed  as  to  deliver  the  material 
into  the   suction-pipe  and    through    the 
pump  without  clogging.     A  pair  of  en- 
gines of  the  double-tandem  type,  having 
a  capacity  of  300  horse-power,  are  used 
for  driving  the  cutter,  and  are  located 
at  the  upper  end  of  the  suction-pipe,  the 
main  gearing  for  driving  the  cutter  be- 
ing of  cast  steel,  with  a  face  of  15  inches 
and  a  pitch  of  5  inches. 


a  very  heavy  cast-iron  shell  and 
a  cast-steel  runner  of  the  enclosed 
type.  A  double  crew  is  provided  with 
quarters  on  the  dredge,  18  men  being  re- 
quired for  each  shift. 

During  the  year  1903,  with  126  work- 
mg  days,  more  than  two  and  a-half  mil- 
lion cubic  yards  of  material  was  handled, 
at  an  average  rate  of  more  than  21,000 
cubic  yards  per  day.  The  highest  aver- 
age output  for  any  month  was  30,000 
cubic  yards,  or  1,646  cubic  yards  per 
hour  continuously  for  25  days  of  552 
working  hours,  83^4  per  cent  of  the  pos- 
sible time,  or  460  hours,  being  used  for 
actual  dredging.  The  requirements  in 
the  dredging  of  this  channel  were  such 
that  the  dredge  must  be  so  worked  as 
not  to  obstruct  the  channel  for  passing 
ships,  and  to  leave  a  clean  and  level  bot- 


MUDLKA  ,IMLJ<. 


tom.  It  was  necessary  to  cut  niccha 
ically  the  entire  area,  as  the  material  \n 
a  hhie  clay  anil  wonM  imt  wavh  or  run 
hke  saml.  It  was  also  necessary  to  de- 
liver the  material  hy  the  tloatinj^  pipe  line 
a  ilistance  sntViciently  far  tn  one  side  of 
the  channel  to  avoid  any  risk  of  wash- 
wv^  back  aj^ain. 

l"or  this  work,  the  sand-pump  hopper 
dredges  of  European  construction  were 
not  practicable,  and  an  entirely  new  type 
of  hyilraulic  ilredj^je  had  to  be  desij^ned. 
Mr.  Robinson  had  desi.i;ned  a  innnber  of 
larjj;e  ilreilj^es  u.seil  on  the  Mississippi 
river,  which  contributed  nuich  useful 
data  and  experience  in  the  designinj^  of 
this  powerful  dredi^e.  Its  construction, 
however,  presenteil  some  very  ditVicult 
problems  to  be  solved.  It  is  a  most  won- 
derful achievement,  that  this  <lred^a'  was 
constructed  in  eii^ht  months  from  the 
time  the  drawintjs  were  started.  It  holds 
the  world's  record  for  output  and  i)er- 
formance. 

.^uction-hopper  dredg:es  and  sea.cfoinp^ 
hopper  dreilp^cs  have  been  used  for  a 
number  of  years  by  the  Imperial  Russian 
Government  in  the  Xaval  I)ei)artment. 
the  Department  «if  Ways  and  Conuniuii- 
cations,  and  the  Archanj^el.  Libau.  and 
Bourp^as  (  KuljLraria  )  ]larl)or  Works.  The 
suction-hopper  dredi^e  Orlcfz  was  con- 
structed for  the  Traixinx  dit  Port  ci'.lrch- 
o;/^i;r/.and  has  a  workings  capacity  in  ordi- 
nary heavy  sand  of  ^oo  cubic  meters  (713 
cubic  yards),  while  the  suction  dejith  is 
about  10  meters  i:^2.i^  feet).  This  dredi^e 
is  su])plied  with  enjii^ines  of  200-horse- 
power  capacity,  and  it  can  make  a 
speed  of  7  knots  per  hour.     The  ca- 
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.d 


has  ! 
land,  ail' 

speed.  7  knots  pr: 

capacit) 

ter.s  (o^^  <  III  lit    \,(i'i- 

suction  depth   is    13  1 

while  the  capacity  of  ih 

cubic  meters  (357  cubic  \ai' 

ihe   sea.tifoini;   h<ipj)er  drn'jj;rs    t  ^la, 
iiami  1.  and  Uracil  were  utilised  bv  the 
Travaiix  du  Port  dc  lii  ia. 

ami  the  Santos  Harlxir  \\  ork.N  ni  lirazil. 
The  former  has  a  dred^inj^  dejjth  of  10 
meters  ( 3-'.H  feet )  ;  and  the  latter.  12  me- 
ters (,39.4  feet);  while  the  workinj^  ca 
pacities  of  the  buckets  are  res|)ectively 
J 10  and  250  cubic  meters  (250  an<l  2i)'j 
cubic  yards  )  i)er  hour,  and  340  and  4<X) 
liters  ( 12.0  and  14.1  culiic  feet).  The  en- 
}4;ines  have  a  capacity  of  225  horsc-|K)wer 
in  each  case,  but  the  Hracil  has  n  •  !  of 
7  knots  per  hour,  while  the  /•'<■'  /  /. 

lias  a  speed  (jf  but  6  knots  per  hour.  The 
hopper  of  the  latter  boat  lias  a  ca|)acity 
of  220  cubic  meters  {  jfij  cubic  yards), 
and  the  total  lenj.,nh  of  the  ves.sel  is  42. 1 
meters  (137.8  feet).  The  Bracil  is  7.5 
meters  (24.6  feet)  wide.  J^.J  meters 
(  10.5  feet)  deep,  and  43.1  meters 
(I4i".3     feet)     lonj;. 

At    the    Mariou- 
pol  Harlxjr  Works, 
th.ere    is    in 
tion    a    twin 
suction-  and  force- 
pump    dredi^e.    the 


/' 


\RY  SUCTION-  AND  FORCE-PUMP  DREDGE  SUBDRKCHT  It. 
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Xicolas  Gora,  which  has  a  speed 
of  9  knots  per  hour  and  is  equipped 
with  three  engines,  each  having  a 
capacity  of  200  horse  -  power.  This 
type  of  dredge  used  by  the  Russian 
( iovernnient  has  a  working  capacity  of 
250  cubic  meters  (297.6  cubic  yards)  per 
hour:  and  500  meters  (547.5  yards)  is 
the  distance  it  is  capable  of  pressing  the 
soil.  The  dredging  depth  is  7  meters 
(23.0  feet),  and  the  boat  is  46.15  meters 
( 151.5  feet)  in  length. 

The  Cleveland  is  a  good  example  of 
the  stationary  bucket  dredge  as  used  in 
European  waters.  It  was  constructed  by 
A.  F.  Snnilders  of  Rotterdam  for  the 
Aliddlesborough  Harbor  Works  in  Eng- 
land. It  is  36  meters  (118. 1  feet)  long  and 
6.8  meters  (22.3  feet)  in  width,  and  is 
supplied  with  an  engine  of  150  horse- 
power. The  dredging  depth  of  this  ap- 
paratus is  II  meters  (36.1  feet),  and  its 
capacity  is  250  cubic  meters  (297.6  cubic 
yards)  per  hour. 

At  the  Baltic  and  North  Sea  Canal 
\\'orks.  there  is  in  operation  a  force- 
pump  bucket  dredge  which  is  capable  of 
pressing  the  soil  a  distance  of  300  me- 
ters (328.1  yards),  with  an  elevation  of  2 
meters  (6.6  feet),  the  capacitv  of  work- 


ing being  210  cubic  meters   (250  cubic 
yards)   per   hour.     This  dredge  has  an 
engine  of  175  horse-power,  and  the  boat 
is  36  meters  (118.1  feet)  in  length.    The 
Sleidrecht  II.  is  a  stationary  suction-  and 
force-pump   dredge,  and   is   operated  at 
the    Rotterdam    Harbor    Works.      This 
large  dredge  has  two  engines  with  a  total 
capacity  of  450  horse-power,  and  is  ca- 
pable of  forcing  the  soil  a  distance  of 
500  meters  (547.5  yards)  and  to  an  eleva- 
tion of  6  meters  ( 19.7  feet).   It  is  36  me- 
ters (118.1  feet)  in  length,  and  is  capable 
of  emptying  barges  at  the  rate  of  450 
cubic  meters  (536  cubic  yards)  per  hour. 
A     bucket-dredge     elevator     was     con- 
structed for  Germany  with  spoil  distrib- 
uters, which  is  supported  bv  two  boats 
25  meters  (82.0  ft.)  long  and  4.5  meters 
(14.8   feet)    wide,   the  distance  between 
them  being  6.75  meters  (22.2  feet).   This 
elevator  is  equipped  with  engines  of  150 
horse-power,   and   the   working  capacity 
is  175  cubic  meters  (208.2  cubic  vards) 
per  hour.    It  will  be  noted  that  the  con- 
struction of  all  of  the  European  dredges 
is  of  steel,  no  wooden  boats  and  barges 
being   employed,   as   is    so    common    in 
America,    especially    on    the    lakes    and 
rivers. 


Don't  Worry 

nPHE  world  is  wide 
■*■     In  time  and  tide, 
And — God  is  guide. 
Then  do  not  hurry. 

That  man   is  blest 
Who  does  his  best. 
And — leaves  the  rest. 
Then  do  not  worry. 

— New  York  Press. 


Our  Cordage  Fibers 


Characteristic-s  of  Sisal  and  Manila  Hemp  and  Other  Plants  whose  Pr..duet> 
Enter  Extensively  into  Various  Industries 


By  CHARLES  RICHARDS  DODGE 


f    I    ^llE   I'nitcd   States  oMisumes  an- 
'        nuallv  nearly  twenty  million  dol- 


1 


lars'    worth    of    cordage    fibers, 
largelv  sisal  heir.p  from  Yucatan, 
and  Manila  iK-mp  from  our  new  posses- 
sions, the  Philippines.     The  first-named 
is  derived   from  Ai^ax'C  rii^ida.  an  aloe- 
like growth  resemhiing  the  century  plant ; 
and  the  latter,  from  Miisa  /t\r/(7/.v.  which 
belongs  to  the  jilantain  or  banana  family. 
There  are  other  cordage  fibers — such  as 
common  hemp   (Caniuihis  satira).  from 
luirope  and  the  I'nited  States  :  Xew  Zea- 
land  tlax    (Phorminm  tcnax),  produced 
in  Australasia  ;  Mauritius  hemp  { Pure  rem 
,/>a»/rfl).     from    Africa:     Sunn    hemji 
(Crotalaria    jiincca):    and    Jute     (O"' 
chorus — two  species),  from  India. 

Sisal.  Manila,  and  Mauritius  hemp,  and 
Xew  Zealand  flax,  are  known  as  "hard" 
fibers,  and  are  especially  adapted  to  rope 
making.  Tute.  flax,  common  heiup.  and 
Sunn  henip  come  into  the  category  of 


"soft"  fibers,  being  finer  ami  more  <livi- 
sible.    and    are    particularly    adapted    to 
spinning     and     weaving     into     fab- 
though  they  are  also  use«l  to  sonu- 
tent    for   cordage   and   especially    tw:   - 
r.efore  the  advent  of  steel-wire  cables  for 
ships,  coiumon  hemp  was  largely  used  for 
the  standing  rigging  of  vessels.   Manila 
hemp    being   emplov.  d    f,  .r    the    runnii 
rigging,  and  for  ha 


Mata  IxDuit  Home  im  YucAtin. 
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YOUNG  SISAL  HEMP  PLANTS  GROWING  IN  LIMESTONE  SOIL. 


Sisal  Hemp 

Sisal  hemp  cordage  is  never  used 
on  shipboard,  but  may  be  regarded 
as  the  cordage  for  general  utility. 
The  fiber  is  creamy  white  in  color; 
while  Manila  fiber,  as  imported,  is 
darker,  somewhat  approaching  a  light 
salmon  hue.  In  points  of  strength  and 
durability,  Manila  always  stands  first. 
Both  fibers  are  employed  in  the  manu- 
facture of  binding  twine,  extensively  used 
in  the  vast  grain  fields  of  the  'West, 
though  small  quantities  of  other  fibers  are 
also  employed  for  this  purpose. 

The  sisal  hemp  plantations  of  Yucatan 
are  veritable  gold  mines.  They  are  so 
extensive  that  many  of  them  cover  miles 
square  of  territory ;  and  some  of  them  are 
said  to  be  valued  at  two  millions  of  dol- 
lars, the  annual  crop  of  fiber  yielding 
nearly  half  that  amount.  Naturally  Yuca^- 
tan  is  prosperous  and  the  people  well-to- 
do,  ^  from  the  wealthy  owners  of  the 
haciendas,  to  the  merchants  and  towns- 
people, and  even  the  Maya  Indians,  who 
are  the  common  people.  Merida  is  the 
center  of  the  industry,  the  plantations 
lying  within  a  radius  of  twenty  miles 
around  the  city.  The  proprietors,  as  a 
rule,  live  in  the  city,  leaving  the  planta- 
tions in  charge  of  managers  or  superin- 
tendents. 

A  visit  to  one  of  these  plantations  is 
an   interesting  experience,   whether   the 


object  is  to  study  sisal  hemp  culture  or 
the  country  and  its  people.  Among  the 
more  extensive  fiber  farms,  mention  may 
be  made  of  one  immense  plantation  lo- 
cated about  twelve  miles  from  Merida  by 
train,  the  hacienda  being  four  miles  dis- 
tant from  the  railway  station.  Between 
the  hacienda  and  the  station,  however, 
there  is  a  private  tram-line  connecting 
with  the  railroad,  over  which  the  freight 
cars  loaded  with  the  baled  fiber  are  drawn 
by  mules  when  shipments  are  to  be  made 
to  Progresso,  the  maritime  port.  A  small 
passenger  tram-car,  also  drawn  by  mules, 
makes  trips  as  occasion  requires. 

For  the  greater  part  of  the  distance, 
the  tram-line  is  flanked  by  hemp  fields, 
the  plants  being  designated  as  "one  year 
old,"  ''two  years  old,"  "five,"  "ten,"  or 
"fifteen   years   old,"   and   so  on — for   it 
matters    not    whether    the    suckers,    or 
young  plants,  were  one  or  three  years  old 
from  the  bud  when  transplanted  to  start 
a  new  field,  tlie  age  of  the  plants  of  that 
field  is  always  calculated  from  the  date  of 
transplanting.     As   much   of  the  soil   is 
largely  coral  or  limestone  rock,  the  trans- 
planting is  little  more  than  propping  up 
the  young  plants  in  the  crevices  in  the 
rocks,  where  they  readily  take  root ;  and 
the  more  arid  the  conditions,  the  better 
they  seem  to  thrive. 

The  rough  nature  of  the  "soil"  of  these 
hemp  farms  is  shown  in  one  of  our  illus- 
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trations,  the  plants  bciiifj  between  one  and 
two  vears  t»lcl.  When  plants  have  reaohe<l 
the  age  ot  tive  years  from  transi)lantinj^'. 
they  are  consiilered  larije  enough  to  yield 
the  first  crop  of  "cnttings"  of  leaves.  A 
mature  leaf  is  about  four  feet  long,  four 
inches  wide,  and  half  an  inch  thick  in  the 
center,  and  will  weigh  one  and  adialf  to 
two  pountls.  The  lower  leaves  only  are 
taken,  the  i^lant  producing  its  leaves  at 
the  top.  from  a  sjiike  which  forms  the 
center  of  the  plant  and  from  which  the 
Icatlets  unfold  as  they  arc  formed.  I'if- 
tcen  to  twenty-five  leaves  arc  taken  an- 
nuallv  from  a  inatured  i)lant.  though  not 
all  at  one  time,  for  a  field  is  cut  over 
usually  three  or  four  times  a  year. 

In  the  accomi^anying  illustration  of  a 
fifteen-vear  old  plant,  the  Maya  Indian 
laborer'  has  just  taken  off  five  or  six 
leaves,  the  white  scars  showing  their 
position,  the  dark  scars  below  _ 
indicating  the  leaves  taken  off 
in  previous  years.  Annual 
cuttings  may  be  made  for 
twenty  years,  or  even  longer 
in  some'cases.  the  blossoming 
of  the  plant  finally  ending  its 
life. 

As  the  leaves  are  cut.  and 
the   spines   along  their   edges 
neatlv  trimmed  by  a  stroke  of 
the  machete,  they  are  tied  in 
bundles,  and  are    carried    on 
the  shoulders  of  the  men  down 
the  alleys  to  a  narrow-gauge 
tram-line,  to  be  transported  to 
the  cleaning  mills.    These  lit- 
tle tram-lines  are  constructed 
to  reach  every  jiortion  of  the 
plantation.  They  are  e(iuiiii)ed 
with  low.  flat  cars,  each  drawn 
by  a  nude  ;  and  field  transpor- 
tation by  this  means  is  accom- 
plished     more     expeditiously 
and    cheaply    than    would    be 
])ossible     with     the     ordinary 
farm  wagons  employed  in  the 
X'nited  States. 

The  central  factory  or 
cleaning  mill  is  usually  a  two- 
story  affair,  the  machines  for 
extracting  the  fiber  being 
placed  on  the  second  floor  or 
gallery,  to  enable  the  cars  for 
the  waste  to  be  run  in  under- 


neath. .\utomatic  carriers  convey  the 
bundles  of  leaves  to  the  machine  plat- 
form, where  they  are  (jpenetl  an<l  spread 
upon  the  table.  Here  they  are  rapidly 
fed.  sidewi.sc,  into  the  endless  gri|)  chains 
of  the  machine,  to  be  carried  to  the  clean- 
ing wheels,  which  are  set  at  a  right  angle 
to  the  direction  in  which  the  chains  are 
moving.  Passing  to  the  first  wheel,  on 
the  right,  the  free  half  of  the  leaf  is 
caught  by  the  rapidly  revolving  scrapers, 
and  in  an  instant  the  epidermis  and  ])ulp 
are  removed.  A  second  chain  now  gri])S 
the  cleaned  end  :  and  as  the  half-stripped 
leaf  is  drawn  along,  it  enccjunters  the  sec- 
ond wheel  on  the  left,  is  drawn  in  by  the 
scrapers,  and  the  remaining  epidermis 
and  pulp  removed,  when  the  cleaned  but 
wet  fiber  is  caught  by  an  Indian  boy  and 
thrown  in  a  mass  over  a  convenient  bar. 
The   next  stage  is  removal  to  the  dry- 


SiSAt  Hemp  Plant  FiKTEtN  Years  Old. 
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Bi  .-.■■•. r-  .T  Si>Ai,  Hemp  Lea\es  Ready  for  the  Machines. 


\  ard.  where,  umler  a  tropic  sun.  the  mois- 
ture is  speechly  evaporated,  and  the  mate- 
rial becomes  commercial  sisal  hemp,  and 
is  ready  for  baling'  and  shipment. 

Xot  so  very  many  years  ago,  the  fiber 
was  all  cleaned  by  hand.  Then  the  ras- 
fador  was  invented — a  simple  wheel 
about  four  feet  in  diameter  and  eight 
inches  wide  on  the  face,  across  which  at 
intervals  scrapers  or  "knives"  were  se- 
cured at  a  slight  angle.  A  "shoe"  be- 
neath, regulated  by  the  foot  of  the  oper- 
ator, held  the  leaf  against  the  scrapers  as 
the  wheel  was  rapitlly  revolved  by  hand, 


the  operator  cleaning 
one-iialf  of  a  leaf,  then 
withdrawing,  and  pre- 
senting the  uncleaned 
half.  All  existing  ma- 
chines used  in  Yucatan 
to-day  embod}'  the  j'OS- 
pador  principle,  there  be- 
ing two  wheels  instead 
of  one,  and  every  move- 
ment automatic  from  the 
moment  the  leaf  is 
grasped  by  the  gripping 
device,  at  one  end  of  the 
machine,  until  the 
cleaned  fiber  is  delivered 
at  the  other  end. 

The  sisal  hemp  plant 
was  introduced  into 
Florida  over  sixty  years 
ago,  and  there  are  now  several  tracts  of 
semi-wild  growth,  though  the  fiber  is  not 
utilized.  About  ten  years  ago,  an  experi- 
luental  factory  w^as  established  near 
Miami,  to  ascertain,  if  possible,  whether 
such  an  industry  w'ould  pay  in  this  coun- 
try. It  was  found  that  the  industry  would 
not  pay,  the  cost  of  labor  being  a  large 
factor.  The  plant  was  introduced  also  into 
the  Bahamas,  and  recently  into  Hawaii. 
Plants  have  also  been  carried  to  Europe, 
and  to  portions  of  Asia.  The  commer- 
cial supply  of  the  world,  however,  comes 
from  Yucatan,  the  Bahamas  contributing 
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small  quantities,  with  perhaps  as  much 
more  from  Hawaii.  The  plant  thrives  in 
many  portions  «tf  Mtxico  proper  ;  hut  no- 
where outside  of  Yucatan,  in  the  writer's 
observation,  is  it  possible  to  preserve  the 
life  of  a  plant  for  more  than  seven  or 
cij^ht  years,  on  account  of  the  tendency  to 
earlv  blossoming.  In  Yucatan,  jjlants  25 
vears  old  may  be  found  that  are  still 
yielding  animal  cro[)s  of  leaves  ;  and  the 
writer  has  handled  fiber  from  a  jilant  said 
to  have  been  32  years  old. 

One  cannot  write  of  Yucatan  without 
speakinp:  of  the  Maya  In<lians.  who  are 
the  working:  people  of  that  proud  country 


material  amonj^'  commercial  fibers.  It 
varies  in  color  fn>m  creamy  white  to  a 
reddish  white  or  salmon,  thouj^h  the  fiber 
imported  into  this  country  is  always  of 
the  darker  sluule.  The  fii)er  is  stiff  and 
tenacious,  and  of  j^'reat  len^'lh  com- 
pared with  sisal,  and  is  very  lipht.  which 
especially  adapts  it  f«)r  use  in  the  rmminp: 
ri^r|_rin^  of  shii)s.  It  was  first  manufact- 
ured in  the  Tniteil  States  about  1824, 
small  (|uantities 
of  the  fiber  com- 
injT  to  Salem 
antl  r.oston  rope 
works     at     that 


— for  it  is  the  proudest  as  well  as  the 
richest  of  all  the  Mexican  states.  The 
Mayas  are  older  as  a  race  than  tlie  Aztecs 
of  Mexico,  hi.q-her  in  the  scale  of  civiliza- 
tion, more  industrious,  and  more  cleanly. 
They  show  affection  for  their  employers, 
though  as  a  rule  under  i>eonage  to  them  ; 
and  it  is  common  to  see  the  household 
servants  kiss  the  hand  of  the  master  when 
he  visits  the  plantation.  The  dress  of  the 
natives  of  both  sexes  is  white,  that  of  the 
women  being  particularly  striking,  as  it 
resembles  sQinewhat  the  Grecian  robes  of 
more  than  2,000  years  ago. 

Manila  Hemp 
The  Manila  hemp,  or  Abaca  as  it  is 
known  to  the  natives  of  the  Philippines, 
niav  be  regarded  as  the  leading  cordage 


Si>Au  Hkmp  Factory  and  Drvisg  Vaku. 
A  typical  scene  in  Vucatiin. 

l)eriod.  though  an  officer  of  the  Xavy 
brought  si)ecimens  to  this  country  as 
early  as  1820. 

.\  glance  at  the  illustrations  shows  that 
the  habit  of  the  plant  is  to  f<irm  a  trunk 
or   stalk,   sometimes    15    feet   high,    sur- 
mounted by  large  elongate  leaves,  from 
a  dozen  to  twenty  of  these  stalks  .spring- 
ing from  a  single  root-stock.     The  stalks, 
or  stems,  are  cylindrical  in  form,  and  in 
cross-section  show  that  they  are  made  up 
of  leaf  sheaths  compacted  together,  giv- 
ing the  appearance  of  homogeneity.     Xot 
more  than  two  or  three  of  the  clusters  of 
stems  from  a  single  root-stock  are  likely 
to  mature  at  the  .'^ame  time  ;  and  after  the 
first  stalks  are  ready  for  the  harvest — say 
in  two  or  three  years  after  planting--the 
others  follow  in  succession,  and  cuttings 
may  be  made  about  every  eight  months. 
The  stems  are  cut  clo.sc  to  the  ground, 
just  before  the  flowers  appear.     They  arc 
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The  Manila  Hemp  Plant. 

then  slit  open  longitudinally,  and  the  cen- 
tral peduncle  separated  from  the  sheath- 
ing layers  or  petioles  of  the  leaves. 
These,  after  being  stripped  off  and  al- 
lowed to  dry  for  a  day,  are  divided 
lengthwise  into  thin  strips  three  inches 
wide.  There  is  quite  a  difference  be- 
tween the  quality  of  the  fiber  from  the 
inner  and  the  outer  leaves,  the  former  be- 
ing fiiie  and  white  and  suitable  for  cloth, 
while  the  latter  is  coarse  and  dark  and  fit 
only  for  cordage  manufacture. 

The  fiber  is  obtained  by  simplv  scrap- 
ing these  thin  strips  with  a  dull-edged 
knife  or  similar  instrument,  though  there 
are  several  ways  of  accomplishing  it.  the 
object  being  to  scrape  away  the*  green, 
pulpy,  cellular  matter  from  the  lavers  of 
fiber  which  lie  in  the  outer  portions  of  the 
leaf  stems.  An  average  operator  can 
strip  and  clean  about  25  pounds  of  fiber 


in  a  day,  though  the  laborers 
rarely  work  more  than  two  or 
three  days  in  a  week.  After 
drying  upon  bamboo  poles, 
the  fiber  is  ready  for  market. 
Jn  round  numbers,  from  600 
to  1,000  pounds  of  fiber  may 
be  produced  from  an  acre  of 
ground,  under  average  condi- 
tions ;  and  one-third  to  one 
pound  of  fiber  is  secured  from 
one  stalk.  Manila  hemp  fiber, 
as  extracted,  measures  from 
8  to  12  feet  in  length,  while 
sisal  hemp  runs  from  3^  to 
4^  feet,  though  some  extra 
fiber  is  5  feet  long. 

In  late  years,  considerable 
inferior  Manila  has  been  pro- 
duced, owing  to  the  fact  that 
some  of  the  natives  have 
"caught  on"  to  modern  get- 
rich-quick  methods.  By  using 
a  knife  or  scraper  with  a  ser- 
rated edge  instead  of  a  blunt, 
smooth,  edge,  about  twice  as 
much  fiber  can  be  cleaned 
with  the  same  labor,  though 
it  is  badly  cleaned,  coarser, 
and  altogether  a  different 
proposition  from  the  fiber  pre- 
pared with  a  proper  instru- 
ment. With  the  advent  of 
automatic  machinery,  uniform 
grades  of  fiber  will  result. 
Many  machines  have  been  constructed 
for  cleaning  Manila  hemp  ;  but,  while  sev- 
eral have  in  a  measure  been  successful, 
none  have  been  adopted.  Two  recent  ma- 
chines are  thought  to  be  more  promising, 
though  they  have  yet  to  be  tested  in 
actual  practice  in  the  Philippine  Islands. 
One  of  these,  a  German  invention,  em- 
bodies something  of  the  raspador  prin- 
ciple with  a  most  ingenious  feed  system. 
Wliile  the  writer  has  not  seen  the  ma- 
chine, he  has  had  the  pleasure  of  going 
over  the  drawings  with  the  inventor  re- 
cently, and  has  found  it  to  possess  manv 
admirable  features.  There  are  so  many 
points  to  consider,  however,  that  onlv  a 
practical  field  trial  can  fix  the  status'  of 
any  machine. 

The  successful  invention  must  not" 
break  or  tangle  the  fiber;  it  must  be 
rapid,  and  there  must  be  a  low  percentage 
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of  waste;  it  must  work  without  stop- 
pages ;  and  the  tihcr  must  be  thoroui^hly 
and  evenly  cleaned.  Manila  hemp  has  a 
tendency  to  tliscolor  easily,  and  this  de- 
fect nuist  he  [)articularly  avoided  in  ma- 
chine cleanin.i^. 

While  considerable  cordage  is  made  in 
the  riiilippines,  the  better,  whiter  grades 
I  if  fiber  are  used  for  cloth;  in  fact.  Ma- 
nila hemp  may  be  said  to  enter  largely 
into  the  native  dress  of  both  sexes  in 
nearly  all  parts  (^f  the  archipelago.  Much 
of  this  clothing  is  all-Manila,  though  the 
hemp  fiber  is  also  mixed  with  cotton  and 
^ilk.  some  of  the  finer  tissues  being  deli- 
cate and  beautiful. 

Jute 

Regarding  other  cordage  material  em- 
ployed in  the  L'nited  .States,  cotisiderable 
jute  hber  is  manufactured  into  cheap 
twine,  and  some  into  the  smaller  sizes  of 
rope.  .-\t  best,  jute  is  but  an  inferior 
fiber  and  makes  a  rather  poor  rope.  It 
rai)idly  discolors  with  age.  and  soon 
loses  what  little  strength  it  had  when 
new.  It  is  still  used  to  some  extent  for 
binding  twine,  sometimes  colored  in  imi- 
tation of  coiumon  hemp.  Its  natural 
color  is  a  dark  salmon. 

Common  Hemp 

Common  hemp,  such  as  is  gr(^wn  in 
Kentucky.  Mis.souri.  and  adjacent  States, 
and  al.so  imported  from  Russia,  is  a  valu- 
able cordage  fiber,  though  little  employed 
at   the   present   time.       Formerly   it   was 


jjre.scribctl  to  be  useil  in  the  American 
Navy.  It  is  largely  employed  in  twine 
manufacturt-.  its  fineness  and  strength 
atlapling  it  for  the  purpose.  Common 
hemp  ranges  in  color  from  white  to  dark 
gray,  the  white  hemp  coming  from  Italy, 
where  cultivation  and  preparation  have 
been  brought  to  such  a  high  stati'  of 
excellence  that  it  is  fit  for  manufacturt' 
into  linen.  The  Russian  hcmi'ts  are 
darker,  and  the  .\merican  fiber  very  dark, 
owing  to  iniperftct  retting  by  spreading 
DVer  the  field  ratlier  than  by  immersing 
in  water. 

Sunn  Hemp 

Sunn  hemp  resembles  common  hemp 
somewhat,  tlunigh  it  does  not  a])proach 
it  in  strength.  \'ery  little  of  this  fiber 
is  now  imported,  as  sisal  and  Manila 
have  superseded  all  other  kinds  in  cord- 
age manufacture. 

Mauritius  Hemp— Flax 

-Mauritius  hemp  is  similar  to  sisal.  an<l 
a  fine  strong  cordage  can  be  made  from 
it.  .As  it  is  produced  in  Africa,  however, 
it  stands  but  little  chance  in  competition 
with  sisal,  of  which  there  is  an  abundant 
sup|)lv  at  our  very  doors.  Like  New 
Zealand  flax,  it  was  formerly  importecT 
to  some  extent,  though  in  late  years  it 
is  rarely  found  on  the  market.  Flax  fiber 
is  seldom  used  in  the  manufacture  of 
rope,  as  it  is  too  costly.  Its  greatest  use 
in  this  country  is  for  making  fine  twines 
and  "flax  threads." 


How  <Lo  Do  TMnifs 


AV/  F^  take  our  share  of  fretting, 
^^       Of  grieving  and  forgetting; 
The  paths  are  often  rough  and  steep, 

.■\nd  heedless  feet  may  fall. 
But  yet  the  days  are  cheery, 
And  night  brings  rest,  when  weary. 
And  -Jomehow  this  old  planet  is  a  good  world 
After  all. 

— Margaret  E.  Sangster. 


■  v-H  OF  ONI    "-    ^ ">    rnWER  HOUSES  OF  THE  GLASGOW  TRAM-CAR  SYSTEM. 


Glasgo\v  Tram^vay  System 

A  Widely  Studied  Object-Lesson  in  Municipal  Ownership  and  Operation 

of  Public   Utilities 


By  FRITZ  MORRIS 


GLASGOW  is  admittedly  the  best 
fjoverned  city  in  the  world.  It 
owns  most  of  its  enterprises, 
runs  them  for  its  own  interest, 
and  pockets  the  profits.  The  best  of 
these  is  the  tram-car  system.  You  can 
get  a  car  almost  at  any  minute ;  you  can 
go  almost  anywhere :  and  it  costs  almost 
nothing — two  cents,  or  five  cents  at  the 
very  most. 

A  couple  of  years  ago,  the  tramways 
earned  for  the  city  over  $600,000,  and 
the  drawings  increase  week  by  week. 
The  following  figures  in  this  connection 
are  very  interesting: 

The  total  traffic  receipts  from  June  i 
to  September  14  amounted  to  $937,000. 
I'^or  the  corresponding  period  of  tlie  fol- 
lowing year,  the  amount  was  $958,000. 
Five  years  ago,  Glasgow  had  only  five 
miles  of  double  track    under    electrical 
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operation.  This  route,  which  ran 
through  a  densely  populated  district, 
yielded  during  that  year  i4.6od.  (29.6 
cents)  per  car  mile.  During  that  year, 
the  average  per  mile  for  receipts  from 
both  systems  of  traction  was  ii.82d.  (24 
cents),  and  for  the  previous  year  ii.55d. 
(23.4  cents).  The  average  fare  paid  per 
passenger  is  .89d.  (1.9  cents). 

The  "busses"  or  tram-cars  are  large, 
commodious  vehicles  with  seats  on  top, 
which  are  always  full  in  spite  of  fogs  and 
mists,  and  which  are  deserted  only  when 
it  is  actually  raining.  These  top  seats 
are  cool  and  comfortable,  a  boon  to  smok- 
ers, and  easy  of  access  by  stairways  at 
both  ends  of  the  car.  Men,  women,  and 
children  climb  up  and  down,  and  jump 
on  and  ofif,  while  the  cars  are  in  motion, 
with  reckless  rapidity.  This  is  probably 
a  matter  of  habit,  but  in  New  York  it 
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woultl  occasion  a  constant  calliiifj  for 
the  ambulances,  and  a  continual  succes- 
sion (if  suits  for  (laina.u^es  aj^ainst  the  car 
companies. 

Historical  Sketch 

The  first  tramway  in  lilasgow,  exteiul- 
ing"  fr«»m  St.  ( leori^e's  Cross  to  Kcjlinton 
Toll,  was  opened  Au}.j;ust  19,  187J.  This 
tramway  and  further  extensions  of  the 
system,  were  constructed  hy  the  Corjwra- 
tion  imder  the  powers  of  the  (llasijow 
Street  Tramways  Act,  iS-o,  and  several 
\.cts  j)assed  in  suhse(|uent  years.  These 
tramways  were  leased  to  the  (jlasjj;ow 
Tramway  &  (  )nuiil)us  Ctimpany  for 
twenty-tliree  years  from  July  1,  iSjuand 
in  1SS8  the  system  had  extended  to  up- 
wards of  31  miles,  almost  all  double- 
track.  This  lease  exj^ired  jinie  30.  18(^4, 
and  the  Corporation  at  once  started  to 
Work  the  tramways  as  a  municipal  de- 
partment. 

The  resolution  of  the  Corporation  to 
oi)erate  the  tramways  on  their  own  ac- 
count was  arrived  at  only  after  pro- 
tracted netjotiations  with  the  lessees  for 
a  new  lease  had  broken  down.  While 
these  nej.,n)tiations  were  ,tC"''ik'^  *"i>  the  cit- 
izens showed  ^reat  interest  in  the  sub- 
ject and  bejTan  to  evince  a  stronp^  feel- 
ings in  favor  of  the  Corporation  work- 
in,£j  the  tramways  as  a  numicipal  depart- 
ment. So  much  did  this  feelinp^  j^row 
that  at  the  municipal  elections  in  Xo- 
vember.  iXc^o  and  iS(;i.  the  mimicipal 
working  of  the  tramways  was  made  a  test 
(piestion  :  and  it  was  after  the  decided 
expression  of  opinion  on  the  part  of  the 
citizens  at  the  latter  election,  that  the 
Town  Council,  Xovember  12.  iS<>i, 
passed  a  resolution  in  favor  of  working 
the  tramways  after  the  expiry  of  the 
then  rimniiiix  lease.  Thereafter,  further 
nej^otiations  witii  the  lessees  for  takin.t,^ 
'  iver  their  stables,  car-sheds,  horses,  cars, 
and  whole  ef|uii)ment,  at  a  valuation,  also 
failed.  The  Tramways  Committee  were 
therefore  under  the  necessity  of  makinj.^ 
preparations  to  provide  anew  all  the 
buildinjj^s,  rolling-  stock,  ef|ui])ments,  an<l 
stud  of  about  4.000  horses  required  for 
opcratini^  the  whole  tramway  system.  All 
the  dititiculties  were,  however,  overcome  : 
and  such  was  the  impression  made  on  the 
0|)enine;'  day  by  the  complete  ecpiipment 
and  satisfactory  operation  of  the  tram- 
wav  svstem,  that  thenceforth  the  new  mu- 


nicipal   department   was    an    unrjnaliried 
success. 

The  ( llas'.^'ow  tramway  system  has 
never  been  contineil  within  the  limits  of 
the  City  boundaries.  Rven  from  the  first, 
it  ixtended  into  the  surrounding  districts. 

Permanent  Way 

ihe  heavy  steel  j^irder  rails  used 
throuLjhout  the  whole  system  are  laid  to 
a  gauj^a*  of  4  feet  7^4  inches,  on  a  bed 
of  Portland  cement  concrete,  d  inches 
in  de|)th,  and  extending  to  iS  inches  be- 
yond the  outer  rails.  The  <limensions 
of  the  straight  track  rail  are: — Depth.  7 
inches;  width  of  sole.  7  inches:  width 
of  roll.  2  inches:  width  of  groove,  Ij4 
inches:  width  of  lip.  ?,s  inch:  overall 
width,  3~,s  inches.  The  rails,  all  of  which 
are  bonded,  are  fished  by  steel  fish-plates 
secured  in  place  by  bolts,  and  are  tied  to 
gauge  at  intervals  of  5  feet  by  steel  tie- 
bars. 

The  whole  of  the  track,  including  iS 
inches  beyond  the  outer  rails,  is  jiaved 
with  granite  setts,  and  these  are  thor- 
oughly grouted  with  bitumen  and  granite 
chips.  For  the  purpose  )f  lessening  the 
wear  and  tear  of  the  paving  next  the  rails 
in  the  busier  parts  of  the  city,  chilled 
cast-iron  paving  blocks  are  laid  on  each 
side  of  the  rail  alternately  with  the  gran- 
ite setts. 

Overhead  Equipment 

Throughout  nearly  the  whole  of  the 
system,  the  trolley  wires  are  supported  by 
means  of  span  wires.  The  only  excep- 
tions are  in  a  few  j)laces  where  the  cen- 
tiT-])ole  construction  has  been  adopted. 
\\  here  buiiilings  are  available,  the  "span 
wires  are  attachecl  to  the  buildings  by  the 
usual  form  of  bolts  and  ro.settes,  and  side 
poles  are  erected  only  where  there  are  no 
available  buildings.  Where  telegraph 
an<l  telephone  wires  cross  over  the  lines, 
the  trolley  wire  is  protected  by  a  guard 
wire,  which  js  als(j  su|)ported  by  a  span 
wire.  The  guard  wire  is  placed  two  tVet 
al)«:)ve  the  trolley  wire,  the  latter  being 
suspended  innnediately  above  the  center 
of  the  track. at  a  height  of  20 feet  6  inches 
above  the  level  of  the  rails. 

Main  Generating  Station 

The  main  generating  .>talion  is  situated 
in  the  Xorthern  district  of  the  city,  on  the 
north  bank  of  the  Forth  and  CIvde  Canal. 


(,4m 


GL.-lJSuUll    TR.  IMir.  I )'  sisyj-SA/ 


491 


at  Pinkston.  The  site  is  einiiiciuly  con- 
venient, as  it  is  not  very  far  renioveil 
from  the  center  of  loail  of  the  whole 
tramway  system,  the  four  oiitlyiiii,'^  siih- 
stations  beiiii,'  practically  all  wiiiiin  the 
same  radius.  I'.einj;-  aK)nj^si(le  the  canal, 
there  is  an  ample  supply  of  water  for  con- 
densincf  purposes. 

The  huildiufjf  consists,  first  of  all.  of  a 
framework,  containing^  about  1.300  tons 
of  steel,  clothed  with  plastic  clay  brick. 
This  steel  framework  is  ma<le  of  sufficient 
>trenj,'th  to  carry  the  mof  and  the  travel- 
ings cranes.  The  buildinjj  is  224  feet  long^ 
by  joo  feet  brcxid.  and  the  heij^ht  from 
the  basement  level  to  the  lowest  member 
of  the  roof  girders  is  88  feet.  In  the 
I '.oiler  House  are  sixteen  I>abcock  &  Wil- 
cox water-tube  boilers.  These  are  <livi- 
ded  into  eiti^ht  batteries  of  two  boilers 
each,  four  batteries  on  each  side  of  the 
I '.oiler  House.  The  boilers  are  of  the 
horizontal  water-tube  type,  with  straig^ht 
tubes  18  feet  lonij  and  4  inches  in  diam- 
eter, and  are  each  capable  of  producing^ 
20.000  lbs.  of  steam  per  hour,  at  a  work- 
ings  pressure  of  i(k)  lbs.  per  square  inch. 
ICach  boiler  is  provided  with  a  super- 
heater with  by-pass,  cut-out.  and  reg^u- 
latings  valves  and  i)ipes ;  and  each  has  a 
heating-  surface  of  5.137  .square  feet,  the 
fire  gyrate  beinc^  lO  feet  lO  inches  wide 
between  the  furnace  walls.  The  boilers 
are  fitted  with  mechanical  stokers  of  the 
I'.abcock  &  Wilcox  chain-pirate  type.  The 
water  for  the  boilers  is  taken  from  the 
Corporation  mains,  througsh  two  storag^e 
tanks  of  1 8.000  i^allons'  capacity  each, 
placed  on  g^irders  between  the  two  chim- 
neys. There  are  also  two  fuel  econo- 
liiizers,  each  capable  of  dealing"  with  12.- 
000  t;all')ns  of  water  ])er  hour,  and  of 
raising^  its  temperature  from  Cfo"  to  160° 
F. 

I'^ach  battery  of  boilers  is  connected  by 
a  7-inch  steam  ])ipe  into  a  9-incli  cross 
main  leadings  into  the  main  header,  which 
is  16  inches  in  diameter.  This  arrang^e- 
ment  aims  at  supplying^  the  steam  in  the 
shortest  and  most  direct  way  from  the 
boilers  to  the  engines.  The  pipes  from 
the  header  into  the  cng^ines  are  14  inches 
in  diameter  for  two  of  the  cngi'ines.  and 
15  inrhes  in  diameter  for  the  other  two. 

In  the  Eng^ine  Room,  in  the  center  of 
the  building,  are  four  main  engines,  with 


provision  for  an  addition  of  50  per  cent 
to  the  plant  when  re(|uired.  Kach  engine, 
which  is  direct-coupled  to  a  three-phase 
generator,  is  designed  to  work  at  4.(kx) 
I.  1 1.  P.  at  its  normal  rate  of  working,  but 
to  be  capable  of  developing  a  maximum 
of  5,000  I.  II.  \\  while  still  running  at 
its  normal  speed  of  75  revolutifjus  per 
minute.  The  engines  are  of  the  vertical 
inverted  compoimil-con<lensing  three- 
cylitider  type,  with  Corliss  valve  gear. 
Two  of  them  were  supplied  by  the  E.  I'. 
.\llis  Company  of  Milwaukee  (now  the 
.\llis-Chalmers  Company ) . 

The  diameter  of  the  high-pressure 
cylinder  is  42  inches,  and  that  of  each 
(if  the  low-])ressure  cylinders  (o  inches, 
all  with  a  5-foot  stroke.  The  fiy  wheel  is 
24  feet  in  diameter,  and  weighs  about  120 
tons.  It  is  built  up  in  sections  of  a  special 
mixture  of  cast  iron  of  high  strength,  and 
the  rim  is  26'/;^  inches  by  26  inches.  The 
weight  of  each  engine  complete  is  700 
tons.  Measured  over  all.  each  of  the  en- 
gines is  almost  43  feet  in  length,  or  52 
feet  including  tlietly  wheel  and  generator. 
35  feet  in  height,  and  24  feet  in  depth 
from  back  to  front. 

b'ach  of  the  four  generators  is  designed 
for  an  outi)ut  of  2.500  K.  \\'..  at  a  pres- 
sure of  6.500  volts,  when  running  at  a 
speed  of  75  revolutions  per  nn'nute.  The 
generator  has  40  poles,  so  that  at  its  rated 
s])eed  of  revolution  the  i)eri()dicitv  of  the 
three-phase  current  is  25  cycles  per  sec- 
ond. The  machine  is  of  the  revolving- 
field  type,  with  stationary  armature.  The 
armature  frame  is  mounted  on  sliding 
foundation  ])lates,  so  that  it  may  be 
moved  sideways  along  the  shaft,  in  order 
to  allow  access  to  the  field  coils.  The 
generators  are  capable  of  maintaining 
synchronism  between  themselves  and  a 
load  of  rotary  converters  (situated  at 
varying  distances),  at  all  loads  up  to  100 
per  cent  overload.  The  exciting  current 
is  not  to  exceed  250  amperes  for  each 
generator  at  full  non-inductive  load.  The 
weight  of  the  revolving  fields  is  nearly  38 
tons,  while  that  <tf  the  armature  and 
frame  is  almost  44  tons.  Each  generator 
complete  weighs  fully  90  tons.  The 
diameter  of  the  field  frame  is  16  feet  8 
inches,  and  the  diameter  across  the  out- 
side armature  frame  is  21  feet  6  inches. 
The  lOO-voIt  direct  current  for  exciting 
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llic  fields  of  the  main  p:ciicrators  is  sup- 
plied bv  six  separate  exciter  dynamos  of 
the  six-pi.ie  type  each  of  50-K.  W.  capa- 
•■  .  and  each  direcl-cdupled  to  a  vertical 
11  engine  of  S5  11.  W  runnintj  at  a 
>pccd  i>f  ^^x)  revolutions  per  minute,  ^ 

1 '.ft ween  the  exciter  engines  and  No.  I 
main  vnj^'ine.  there  are  two  larj^e  auxil- 
iary imits  for  the  purpose  of  driving  the 
auxiliary  plant,  and  also  for  supplying? 
power  direct  to  the  substations  and  car 
(k-iHits  during:  the  nif^ht,  for  lightino:, 
moving  cars,  etc.  These  two  auxiliary 
engines  are  of  the  vertical  cross-com- 
pi'und  type,  each  of  about  800  H.  F.  at 
iKirnial  i<\nd.  but  capable  of  developing  a 
niaxiuium  of  1. 000  II.  P.  Each  engine 
is   coupled   to  a    500-volt   direct-current 


condense  60,000  lbs.  of  exhaust  steam  per 
hour:  while  the  auxiliary  condenser  can 
deal  with  24,000  lbs.  per  hour. 

There  are  four  air  pumps — one  for 
each  main  engine — each  sufficient  to  deal 
with  60,000  lbs.  of  exhaust  steam  per 
hour:  and  one  for  the  auxiliary  conden- 
ser, wath  a  capacity  of  24,000  lbs.  per 
hour. 

The  four  main  engine  circulating 
pumps  are  of  the  centrifugal  type  and  are 
electrically  driven,  each  having  a  capacity 
of  240,000  gallons  of  water  per  hour.  An- 
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generator  of  600-K.  W.  capacity.  The 
CdiUinuous  current  is  conveyed  to  the 
substations  by  cables  totally  independent 
of  those  for  the  main  three-phase  trans- 
mission. 

In  the  Engine  Room  there  are  two 
overhead  electric  traveling  cranes,  each 
of  sufficient  capacity  to  lift  50  tons.  The 
crane  in  the  Auxiliary  Room  has  suffi- 
cient ca|)acity  to  lift  30  tons.    • 

In  tlie  Auxiliary  Room  there  are  five 
surface  condensers — one  for  each  of  the 
four  main  engines,  and  one  for  the 
auxiliary  and  exciter  engines.  Each  of 
the  condensers  of  the  main  engines  can 


other  pump  of  the  same  type  deals  with 
the  condenser  of  the  auxiliary  engines, 
and  has  a  capacity  of  96,000  gallons  of 
water  per  hour. 

There  are  four  motor-driven  boiler- 
feed  pumps,  each  of  sufficient  capacity  to 
deliver  8.000  gallons  per  hour  against  a 
pressure  of  180  lbs.  per  square  inch ; 
also  a  boiler-feed  steam  pump  capable  of 
delivering  16.000  gallons  of  water  per 
hour  against  the  same  pressure. 

The  switchboards,  which  are  of  the 
Westinghouse  Standard  type,  consist  of 
four  generator,  four  interconnector,  six 
exciter,  and  twenty  feeder  panels.     The 


CLASCOll'  TR.lMll  AY  SVSTICAf 


493 


A  STREET-CAR  CROSSING  IN  GLASGOW. 


last  arc  situated  in  a  separate  apartment 
to  the  rear  of  the  i^enerator  jKinels.  in 
five  groups,  each  group  supplying  one 
substation.  The  panels  of  each  group  are 
in  pairs,  back  to  back.  Four  groujis  are 
exactly  in  the  rear  of  the  generator 
panels,  the  center  grouji  being"  opposite 
the  space  between  two  generator  panels. 
Each  generator  panel  is  connecterl  di- 
rectly with  the  group  behind  it.  and  with 
the  main  bus-bars.  The  latter  are  divided 
up  at  the  interconnecting  panels,  which 
are  located  between  the  generating 
panels.  The  generators  can,  therefore, 
be  operated  separately  or  in  parallel,  as 
preferred.    All  the  cables  from  the  dyna- 


mos  to   lliL'   switchboard   arc-   pajter-insu- 
lateil  and  lead-covere<l. 

Feeder  Cables 

The  high-tension  cables  arc  thrcc-core. 
paper-insulated,  and  lead-covered;  and 
IJK'  feeder  cables,  etc..  are  non-hygro- 
scopic and  waterproof.  Each  cable  is 
covered  with  a  sheathing  of  ])ure  lead, 
three-sixteenths  of  an  inch  thick.  The 
high-tension  cables  are  subjected  to  a 
pressure  test  of  20,000  volts  after  a  24 
hours'  immersion  in  water,  and  pressure 
of  15.000  volts  after  being  laid  aufl 
jointed.  The  feeder  cables  are  single- 
core  cables. 
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l-roin  the  feeder  panels  of  the  main 
s\vit« '  '  'in  the  p^eneratinj^  station. 
f. iir  .  ..ore  cables  are  taken  to  each 

s.  II.     The  cross-sectional  area  of 

rach  copper  core  is  in  some  cases  .15  of 
a  s(|uare  inch,  and  in  other  cases  .10. 
These  cables  are  carried  out  throuo:h  the 
wall  of  the  buildine:  into  a  main  tunnel. 
antl  thence  led  in  ducts  to  the  substations. 

Substations 

There  are  in  all  five  substations,  sit- 
uated in  different  districts  of  the  city. 
The  units  in  each  of  the  substations  con- 
sist each  of  three  transformers  of  200 
K.  W.  each,  and  one  rotary  converter  of 
500  K.  \V. 

I'"ach  sub^iaiiun  contains  two  switch- 
buanls.  one  fur  alternating  current,  and 
the  other  for  direct  current  which  goes 
to  feed  the  trolley  wire  on  the  street. 
Each  set  of  transformers  is  placed  in  a 
brick  chamber,  completely  isolated  by 
j)artiiions  from  the  rest  of  the  plant. 

The  high-tension  current  enters  at  the 
switchl)oard  through  the  minimum  cut- 
out switches,  ami  j^asses  thence  through 
the  high-tension  transformer  switches  to 
three  horizontal  bars  above  the  trans- 
formers. Connections  are  made  from 
there  to  the  transformers  below.  From 
the  transformers,  the  low-pressure  three- 
phase  current  is  led  to  a  switch  at  the 
base  of  the  corresponding  alternating- 
current  panel,  then  down  in  the  trench 
behind  the  switchboard,  on  the  left  side 
of  the  rotary  converter  room,  and 
through  pipes  in  the  foundations  into  the 
collecting  rings  of  the  converter.  The 
energy  is  here  converted  into  continuous 
current :  and  the  leads  are  brought  from 
the  commutator  on  the  right-hand  side  of 
the  rotary,  through  pipes  in  the  founda- 
tions, to  the  trench  on  the  right-hand 
side.  Here  the  current  is  brought  into 
bus-bars,  and  distributed  to  the  various 
feeders. 

Distribution  of  Current 

Each  substation  is  intended  for  a  dis- 
tinct area  of  the  tramway  system,  so  that 
the  whole  system,  for  purposes  of  distri- 
bution, is  divided  into  five  areas.     These 


areas  can.  however,  be  interconnected  at 
will  by  means  of  interconnecting  cables. 
The  number  of  feeders  from  each  sub- 
station to  the  tramway  routes,  varies  from 
six  to  twelve,  dependent  on  the  extent  of 
the  lines  supplied.  The  overhead  waring 
is  divided  into  sections,  with  a  view  to 
providing  alternate  routes  for  cars  in  case 
of  a  block,  each  section  being  independ- 
ently fed  and  controlled  from  the  sub- 
station switchboard.  Here,  again,  each 
section  can  be  interconnected.  In  addi- 
tion to  the  positive  cables,  there  are  re- 
turn feeder  cables,  varying  in  number  and 
size  according  to  the  extent  of  the  line 
and  the  number  of  the  cars.  These  re- 
turn feeders  take  aw^ay  much  of  the  re- 
turn current  from  the  rails,  and.  together 
with  the  negative  boosters,  reduce  the 
maximum  drop  of  potential  in  the  tracks 
to  from  two  to  three  volts — less  than  half 
the  Board  of  Trade  maximum  limit  of 
seven  volts. 

The  whole  of  the  feeder  system  is  laid 
in  cement-lined  ducts  or  fire-clay  pipes, 
which  are  situated  underground,  between 
the  tracks,  with  manholes  at  varying  dis- 
tances, the  maximum  distance  being  500 
feet. 

Cars 

The  cars  are  mainly  of  the  double-deck 
type.  The  length  of  the  car  body  is  17 
feet,  W'ith  capacity  for  25  passengers  in- 
side and  30  on  top.  Each  car  is  fitted 
with  14  lamps,  six  being  inside  ;  but  only 
twelve  lamps  are  lighted  at  one  time. 
The  length  of  the  truck  wheel  base  is  6 
feet ;  and  of  the  spring  base,  14  feet  6 
inches  ;  and  the  extreme  length  of  the  top 
plate  is  15  feet  7  inches.  The  wheels  are 
of  chilled  iron,  and  have  a  diameter  of  30 
inches  over  tread,  the  weight  of  each 
wheel  being  300  lbs.  The  electrical  equip- 
ment of  the  cars  is  for  the  most  part  of 
the  \\>stinghouse  type.  The  set  for  each 
car  consists  of  two  motors  wound  for  500 
volts,  two  series-parallel  controllers,  re- 
sistances, fuse-block,  main  motor-current 
switch,  automatic  motor  switch,  and 
lightning  arrester.  Each  motor  is  capa- 
ble of  exerting  1,600  lbs.  horizontal  effort 
at  a  speed  of  y}^  miles  per  hour. 


LAUNCHING  V.  S.  S.  CVMBEKLANP  AT  BOSTON.  MASS. 
Vessel  just  entering  the  waler. 


Launching  a  Warship 

An  Engineerinjt  Problem  of  Great  Delicacy.  Involving  Dangers  to  Life  and 

Property  but   Little  Understood 


By  H.  C.  GAUSS 
Navy  Department.  Washington.  D.  C. 


1I-"  an  inland  cnijincor  wlm  liad  never 
read  of  lauiicliinij  practice  should  be 
confronted  with  the  prolilcm  of  p^et- 
ting  a  modern  warship  into  the 
water,  it  is  not  likely  that  he  would  adopt- 
the  expedient  of  slidinfj  her  of?  the  shore 
with  slipways  and  f;^rease.  r.etwcen  six 
and  seven  thousand  tons  of  steel  stand  on 
the  water-front  wrouj^ht  into  an  ellij)tical 
structure  resting^  in  j^art  on  its  pointed 
side,  and  in  part  on  rows  of  sui)portin,tr 
posts,  which  are  set  in  successive  lenjj^ths. 
so  that  the  longest  reach  well  up  on  the 
curve  and  give  a  sense  of  security  and 
dependence  which  is  followed  by  a  blank 
when  the  j^osts  arc  knocked  away  as  a 
preparatory  step  to  the  launching. 

The  structure  may  be  450  feet  long  and 
76  feet  wide,  and  may  tower  40  feet 
above  the  foundation  on  which  it  is 
built.  Suppose  the  loss  of  all  informa- 
tion as  to  the  launching  of  ships,  and 
consider  the  problem.  Elaborate  works 
might  be  undertaken  to  maintain  the  ship 
in  a  perpendicular  position  while  excava- 


ti(jn  was  going  on  for  a  basin  in  which 
she  could  Moat  out;  great  jack-screws 
nn'ght  ])e  used  to  lift  the  ship  along  inch 
1)\  inch  after  a  solid  foundation  had  been 
built  for  her  to  travel  in  :  some  great 
genius  might  even  devise  a  gigantic 
traveling  crane  to  lift  the  vessel  into  the 
water:  but  the  harebrained  lunatic  who 
should  suggest  sawing  a  timber  and  let- 
ting her  go  with  a  whoop  and  hurrah, 
would  be  cast  into  Dedlam. 

^'et  within  the  last  two  years,  nearly 
a  hundred  thousand  tons  of  steel  have 
been  slid  from  the  two  coasts  of  the 
I'm'ted  States  in  warshijis.  with  effort 
scarcely  more  apparent  than  would  have 
been  involved  in  the  skipping  of  as  many 
stones  as  there  have  been  ships.  In  each 
instance  there  has  been  a  pleasant  party ; 
the  financial  head  of  the  shipyard  has 
chatted  gaily  with  his  guests ;  and.  as  the 
big  shij)  went  down  the  ways  with  noth- 
ing more  exciting  than  the  rush  of  water 
from  her  stern,  and  assumed  rajjidly  di- 
minishing   proportions    as    she    receded 
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from  the  shore,  the  novices  all  said.  "Is 
that  all?"  AikI  a  disheveled  man.  climb- 
\n\l  up  fn)in  amonj;  the  workmen  to  re- 
ceive a  word  of  praise  from  his  chief. 
heaves  a  «reat  si^h  of  nlief  and  says, 
"Ves.  that's  all." 

riiat  man  has  just  sent  a  body  whose 
center  of  g:ravity  was  twenty-three  feet 
al)ove  its  lowest  point  for  a  run  of  450 
feet  down  a  track  24  feet  wide.  F^rom 
a  stationary  jxisition.  it  reached  a  speed 
of  approximately  14  miles  an  hour  be- 
fore it  left  the  land  for  the  sea.  AI- 
tlnnij^h,  as  it  stood  on  the  w-ays  in  its 
cradle,  there  would  have  been  required 
a  force  equal  to  moving^  270,000  tons  one 
foot  to  tip  it  over,  ten  feet  of  treacherous 
{ground  sinkinp^  under  the  weifjht  of  the 
rushing  mass  might  have  hurled  the 
whole  structure  on  its  side,  destroyed  a 
million  dollars  of  capital,  and  perhaps 
killed  a  hundred  people.  It  is  the  sweat 
of  a  real  battle  on  that  man's  face — the 
battle  of  the  cunning  of  calculation 
against  the  demons  of  bulk  and  circum- 
stances. 

The  first  work  in  the  construction  of 
a  modern  steel  vessel  is  to  erect  the  slip 
on  which  the  vessel  is  to  be  built  and 
from  which  she  will  be  launched.  The 
character  of  the  ground  is  first  ascer- 
tained, and.  if  necessary,  it  is  fortified 
with  piling  and  concrete  construction,  so 
that  a  solid  and  unchanging  structure,  at 
an  t'ven  incline  to  tlie  water's  edge,  may 
be  assured  from  the  moment  of  laying 
the    first    keel-j)late  to  the   last  wrench 


wiien  the  ship  tilts  off  the  ways  and  into 
the  water.  The  slip  is  built  of  heavy 
timbers,  and  looks  not  unlike  a  section 
of  a  mountain-climbing  railway  on  a  big 
scale,  with  the  two  wheel-carrying  rails 
and  the  center  cog-rail.  It  has  an  inclina- 
tion of  about  three  quarters  of  an  inch 
to  the  foot,  so  that  at  its  inland  end  it 
towers  above  the  heads  of  groundlings, 
and  makes  the  elevated  launching  plat- 
form not  only  a  matter  of  distinction  but 
of  necessity. 

Of  the  three  parallel  tracks  of  timbers, 
the  central  one  is  the  most  important  un- 
til the  day  of  the  launching.  Carefully 
adjusted  blocks  have  received  the  keel 
structure ;  and  from  this  starting  point 
the  construction  has  arisen  upward  and 
outward,  supported  by  heavy  posts  and 
timbers  placed  against  the  rising  curve. 
On  the  day  of  the  launching,  the  vessel 
is  still  supported  on  the  keel-blocks  and 
post-like  shores.  But  a  timber  structure 
— the  cradle — has  been  built,  resting  on 
the  outer  two  of  the  three  parallel  tim- 
bers. Upon  the  original  structure — the 
ground  ways — there  has  been  put  a  heavy 
coat  of  grease.  On  this  is  placed,  on 
each  ground  way,  a  sliding  way  of  heavy 
timber.  The  sliding  ways  are  long 
enough  so  that  they  come  well  up  to  the 
head  of  the  building  slip  ;  and  there  they 
have  been  spiked,  chained,  and  otherwise 


U.  S.  S.  CUMBERLAND  ON  THE  WAYS  BEFORE  LAUNCHING. 
Showing  construction  of  launching  cradle  and  position  of  shores  before  knocking  away. 
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fastened  to  the  structure  of  the  l)uil<lin;j: 
slij).  because,  at  a  critical  nioiuent.  the 
vesstl  will  l)e  held  solely  by  these  two 
timbers  and  their  fastenings. 

( )n  the  sliding  ways,  a  structure  of 
blocking  is  built,  taking  in  the  contour 
of  the  l)Ottoin  of  the  vessel,  and  consist- 
ing of  as  many  different  narrow  ]Kirallelo- 
grams  of  heavy  timbers  as  are  considered 
necessary  to  divide  the  weight  of  the  hull. 

On  the  morning  of  the  launching  day. 


battering  rams,  twenty  men  to  a  timber, 
lly  inches  at  tirst.  and  then  by  (|uarters 
and  eighths  and  sixteenths,  the  driving 
energy  of  ihe  blows  is  transformed  inti» 
lifting  energy  that  is  taking  the  strain 
olT  the  shores  and  keel-blocks.  As  the 
cradle  rises  up  mider  the  bilge,  and  takes 
its  burden,  certain  shores  become  super- 
fluous, and  fall  or  are  taken  away.  Row 
by  row.  the  forests  along  the  sides  dis- 
aj)pear,  and  the  loom  of  the  great  hull 


LAUNCHING  U.  S.  S.  Cl'MPEia.AXn. 
View  showine  position  am)  condition  of  ground  ways. 


then,  the  vessel  appears  resting  on  her 
keel  on  the  central  way.  on  the  posts  that 
thickly  stud  the  ground  all  around  her. 
and  apparently  resting,  as  well,  in  the 
cradle  of  timber  built  to  conform  to  her 
shape.  The  latter  feature  is  only  ap- 
parent, however,  for  little  or  no  weiglit 
rests  on  the  cradle,  and  the  first  work 
of  the  launching  consists  of  transferring 
the  weight  of  the  hull  froui  the  keel- 
blocks  and  shores  to  the  cradle.  Wedges 
have  been  inserted  between  the  blocks  of 
the  cradle ;  and  gangs  of  workmen  go 
from  one  to  the  next,  hammering  the 
irresistible  inclined  planes,  first  with 
sledges  and   then  with  timbers  used  as 


begins  to  be  appreciable.  Xext.  there  is 
a  mighty  chopping  beneath  the  keel.  The 
blocks  on  which  the  great  bulk  has  rested 
for  months,  have  been  eased  of  their  com- 
pacting burden,  and  men  are  attacking 
them  with  axes,  splitting  them  out  where 
necessary.  .\  neat  variant  on  this  opera- 
tion was  introduced  at  the  launching  of 
the  Connecticut.  l'>ags  of  .sand  were  sub- 
stituted for  certain  of  the  blocks  which 
are  last  split  <nit  in  the  usual  ])ractice; 
and  at  the  right  time  the  bags  were  slit, 
allowing  the  sand  to  run  out  slowly,  and 
freeing  the  keel  at  the  proper  time. 

The  transfer  of  the  weiglit  of  the  hull 
from  the  keel-blocks  and  the  shores  to 
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the  cradle,  has  heen  so  p:ra(hial  that  no 
motion  of  the  structure  has  been  per- 
eeptihle  to  the  onlookers,  who  are  at  a 
loss  to  know  how  soon  the  actual  laimch- 
injr  will  take  place.  But  no  one  of  the 
seeniinplv  complicated  operations  and 
runninj^'s  to  and  fro,  has  heen  purpose- 
less or  without  result.    Now  that  the  hull 


Launching  Stage  under  Bow  of  U.  S.  Battleship 

"Milwaukee"  at   Yards    of    Union    Iron 

Works,  San  Francisco,  Gal. 


rests  on  the  cradle,  the  shortest  possible 
elapsed  tune  before  the  vessel  is  in  the 
water  is  desirable.  Its  weight  is  drag- 
ging it  with  tremendous  force  downw^ard. 
In  many  cases  the  weight  is  held  only 
by  the  two  timbers  which  constitute  the 
sliding  ways,  and  which  have  been  fas- 
tened into  the  main  structure  of  the  build- 
ing slip.  A  line  has  been  marked  across 
each  of  these  timbers,  directly  beneath 
the  launching  platform.  Two  crosscut 
saws  decorated  with  ribbons  lie  beside 
the  ways ;  and  the  moment  the  sound  of 
the  axes  ceases,  the  two  men  for  each 
saw  begin  to  work  with  much  speed.  Un- 
less dog  shores  have  been  provided,  thev 
have  made  but  a  few  passes  before  there 
is  a  ripping  of  wood ;  great  si)linters 
stand  out  from  the  severed  ends ;  and  the 
vessel  begins  to  move — slowly,  then  with 
rapidly  accelerating  speed,  until  she 
rushes  down  the  ways  and  ripples  into 


the  water  amid  cheers  and  steam  whistles 
from  all  over  the  bay.  If  nervousness 
has  not  paralyzed  the  arm  and  tongue  of 
the  sponsor,  the  best  part  of  a  quart  of 
champagne  is  over  her  forefoot  and  her 
name  has  been  given  her. 

Where  dog  shores  are  used,  these 
heavy,  iron-shod  timbers  have  been  fitted 
to  sockets  on  each  side,  one  end  in  the 
ground  ways  and  one  in  the  sliding  ways, 
so  that  the  timbers,  with  the  ground 
w^ays  for  a  step,  hold  against  the  weight 
of  the  hull  on  the  cradle  until  the  dog 
shores  are  knocked  out  of  the  sockets 
after  the  sliding-way  timbers  have  been 
sawed  off.  The  tendency  of  the  vessel 
to  start  is  carefully  watched ;  and,  at  the 
sign  of  undue  strain,  the  ground  ways 
may  be  knocked  out,  and  the  vessel  al- 
lowed to  tear  herself  away  without  the 
preliminary  sawing  off.  On  the  Pacific 
coast,  a  trolley  carrying  a  weight  suffi- 
cient to  knock  out  the  dog  shores  has 
been  used.  This  is  started  by  pulling  a 
trigger  at  the  launching  platform,  so  that 
the  launching  party  actually  starts  the 
ship.  Atlantic  coast  practice  has  usually 
been  to  saw  off  to  start  the  launch. 

Simple,  buoyant,  and  care-free  as 
seems  the  flight  of  the  vessel  down  the 
greased  ways,  there  is  no  moment  that  is 
free  from  anxiety  until  the  ship  is  fairly 
afloat.  If  the  day  is  so  hot  that  the 
grease  has  thinned,  if  the  bearing  surface 
of  the  ways  has  been  miscalculated  and 
they  are  so  narrow  that  the  weight  fric- 
tion dissipates  the  lubricant,  the  ship  may 
slow  up  and  stop,  and  the  problem  of  get- 
ting her  off  will  be  a  serious  one.  Should 
such  a  stop  occur  at  a  critical  point,  as 
where  the  center  of  the  ship  is  just  going 
over  the  end  of  the  ground  ways,  the 
full  weight  of  the  vessel  resting  on  this 
tilting  point  might  crush  in  her  bottom 
like  an  eggshell. 

The  interior  of  the  hull  is  shored  and 
supported  against  strain,  and  a  trim 
given  to  the  hull  by  the  stern  to  increase 
its  pow'er  of  flotation  as  compared  with 
the  rest  of  the  hull,  so  that  the  center  of 
gravity  will  come  some  five  feet  abaft 
amidships,  and  the  center  of  buoyancy 
a  fraction  of  a  foot  aft  of  the  midship 
line;  but  at  a  pivoting  pressure  of  i,66o 
tons,  it  is  not  pleasing  to  a  constructor 
to  think  of  his  ship  seesawing  at  the  end 
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of  tlio  ways  and  '.loclitiitii;  to  complete  its 
run. 

As  in  skating  over  llun  ice,  salely  ilc- 
l)cn(Js  on  attaininj^  the  speed  calculated 
for;  and  the  youni;  men  with  stop 
watches,  placeil  at  intervals  of  a  few 
feet  alon.i^  the  launchini^  ways,  are  oh- 
tainiui^  tlata  for  use  in  determining^ 
whether  there  must  be  provision  for 
greater  sj)eeil  at  the  next  launching.  No 
item  which  may  even  remotely  hear  on 
the  success  or  non-success  of  a  later 
launchinji^.  is  omitted  from  the  record. 
That  there  were  so  many  wedgies,  ap- 
proximating^ 150.  each  six  inches  wide 
and  each  carry inij^  approximately  fifteen 
tons  of  weij:^ht ;  that  there  was  one-eig;hth 
of  an  inch  of  stearine,  three-eisjhths  of  an 
inch  of  beef  tallow,  a  coat  of  sjraphite. 
and  one-eii^hth  of  an  inch  of  launchin<^ 
grease,  in  the  lubrication  of  the  ways,  is 
as  important  information  in  its  way  as 
the  actual  time  of  the  launch  and  the 
si)eed  which  the  ship  attained. 

Where  there  is  ample  bay  room  in 
front  of  the  building  place,  the  launched 
vessel  may  be  given  a  free  run.  checked 
only  by  the  dangling  cradle  timbers  along 
her  side.    In  a  narrow  waterwav,  or  one 


that  is  likely  to  be  crowded,  the  problem 
of  checking  the  run  at  the  right  point  is 
a  nice  one.  \  essels  have  gone  as  far  as 
ihe  mud  on  the  opposite  bank,  and  the 
launching  of  a  vessel  at  the  Xew  York 
yard  is  not  safely  accomplished  until  the 
tugs  have  her  in  tow.  The  speed  of  the 
Conticcticut  uas  checked  by  a  specially 
constructed  mask  of  timber  work  that 
exerted  a  gradual  and  increasing  pressure 
against  the  impetus  of  the  vessel,  and 
l)roughl  her  uj)  within  safe  limits  from 
the  shore. 

Launching  ])ractice  is.  of  course,  as 
old  as  vessel  building,  one  of  the  ])rim- 
itive  arts ;  but  there  is  no  engineering 
feat  more  daring  and  si)ectacular.  The 
com])leteness  of  the  science,  both  in 
theory  and  in  practical  application,  is  evi- 
denced by  the  very  high  proportion  of 
successful  launches,  in  current  steel  ship- 
building as  well  as  in  the  old  wooden 
construction.  Increasing  size  of  vessels 
has  enforceil  increased  study  and  precau- 
tion, so  that  a  seriously  bungled  launch 
of  a  great  ship  of  the  modern  sort 
scarcely  ever  occurs,  while  the  old  ship- 
builders had  rather  frequent  mishaps, 
and  sometimes  fatalities  on  a  large  scale. 
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<L   lis  a  wise  investment  that  knows  its  own 
par. 


C   Men  are  ever  forsaking  fortune  when  she  is 
about  to  smile. 


C  Some  men   never  make  a  mistake  because 
tlicy  never   make  a  move. 


C  Hecause  God  helps  those  who  help  them- 
selves, don't  make  a  hog  of  yourself. 

C  If  you  train  servants  in  the  way  they  should 
go,  the  first  thing  you  know  they  are  gone. 

C  Vou  cannot  expect  the  world  to  have  a 
good  opinion  of  you  unless  you  set  the  ex- 
ample. 

(500) 


C  He  who  will  not  accept  orders  has  no  right 
to  give  them ;  he  who  will  not  serve  has  no 
right  to  command  ;  he  who  cannot  keep  silence 
has  no  right  to  speak. 

% 

P  LSEWHERE  in  this  issue.  ^Ir.  Rob- 
^  ert  Shackleton  gives  an  interesting 
account  of  the  work  which  is  to  be  under- 
taken upon  our  recently  acquired  Panama 
Canal,  and  points  out  some  of  the  diffi- 
culties in  engineering  work  which  the 
problem  presents.  In  this  connection  it  is 
interesting  to  note  that  the  $40,000,000 
paid  out  to  the  French  company  repre- 
sents a  considerable  amount  of  apparatus 
which  is  still  in  good  condition  and  avail- 
able for  future  work,  as  well  as  the  actual 
excavating  which  was  done  by  the  old 
company. 

In  prosecuting  the  work  of  dredging, 
the  engineers  of  the  Panama  Canal  will 
have  the  advantage  of  the  most  modern 
time-saving  appliances,  which  will  permit 
the  work  to  be  carried  on  with  greater 
speed  than  has  ever  before  been  attained. 
When  we  consider  the  remoteness  of  the 
locality,  and  the  high  cost  of  engineering 
skill,  it  will  be  seen  that  the  use  of  the 
most  efficient  machinery  of  large  capacity 
is  essential  to  reducing  the  time  required 
for  the  completion  of  this  w^ork  to  a  mini- 
mum, and  also  to  keeping  the  cost  of  con- 
struction down  to  a  reasonable  limit. 

There  are  a  number  of  different  types 
of  dredges  now  built,  which  can  handle 
enormous  quantities  of  material  at  a  very 
small  cost  for  manual  labor.  The  sea- 
going sand-pump  dredges  have  a  capacitv 
as  high  as  2.500  cubic  vards.  and  thev 
can  make  six  or  eight  trips  per  day.  This 
style  of  dredge,  of  course,  is  adapted  only 
to  sandy  bottoms.     For  harder  materials, 
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the  endless-chain  dredije  has  heen  very 
largely  used  in  the  construction  of  fornier 
canals,  and  it  is  stated  that  this  will  ex- 
cavate more  material  per  horse-power 
than  any  other  type  of  tlretlge.  It  re- 
quires, however,  plenty  of  sea  room  for 
effective  work.  Where  the  room  is 
limited,  the  dipper  dredj^e  for  work  un- 
der water,  and  the  steam  shovel  for  dry 
work,  are  the  most  efhcieiU  machines. 
Ilvdraulic  dredj^es  are  also  adapted  for 
handlintj  clay  or  other  soft  material  in 
larjje  quantities,  which  may  l)e  ilelivered 
to  a  distance  throup^h  pipe  lines.  It  will 
he  seen,  therefore,  that  the  choice  of  ma- 
chinery is  not  restricted  to  any  s])ecial 
type,  and  that  the  enj^ineers  are  in  a  posi- 
tion, throuijh  the  af:[ency  of  modern  ma- 
chinery, to  accomplish  the  work  with  far 
ijrreater  speed  than  has  ever  heen  attained 
in  any  previous  work  of  canal  Iniilding. 

nr  HE  heavy  vote  cast  by  the  citizens 
^  of  Chicatjo  at  the  spring-  election 
this  year  in  favor  of  municijjal  owner- 
ship of  the  street-railways  operatinjj  in 
the  city,  has  g^iven  rise  to  volumes  of 
arc^ument  f^ro  and  con  the  desirability  of 
municipal  ownership  of  jnihlic  utilities  in 
general,  and  street-railways  in  particular. 
As  to  the  merits  of  this  question,  as  far 
as  it  applies  to  Chicago,  a  discussion  at 
this  time  appears  fruitless,  since,  if  the 
present  program  of  numicipal  ownership 
be  carried  out.  we  shall  soon  be  supplied 
with  actual  rather  than  theoretical  data 
upon  which  to  base  judgment. 

The  advocates  of  numicipal  ownership 
have  attempted  to  advance  their  cause 
by  comparing  the  present  .systems  in 
.-\merican  cities  with  some  of  the  mu- 
nicipally owned  and  operated  street-rail- 
ways in  Europe,  and  especially  the  nni- 
nicipal  jdant  in  Glasgow.  Scotland  :  and 
there  is  danger  of  consideral)le  misap- 
prehension in  quoting  the  low  rates  of 
fare  and  the  earnings  of  these  European 
systems  in  comparison  with  those  of 
American  cities.  The  fare  .systems  are 
entirely  ditierent  in  the  two  cases,  as  in 
American  cities  a  single  five-cent  fare 
for  any   length   of   ride   within   the  city 


limits  is  the  universal  rule :  and  this 
method  of  charging  fares  is,  we  believe, 
the  most  a<lvantageous  one.  as  it  tends  to 
build  up  the  outl\  ing  districts  and  relieve 
the  congestion  in  the  crowded  business 
districts. 

In  (Ilasgow.  and  practically  in  all  of 
the  European  cities,  what  is  knf)wn  as 
the  "zone"  .system  of  cctllecting  fares  is 
in  force.  I'.y  this  system,  the  fares  are 
g:a<led  acording  to  the  distance  traveled 
by  the  passenger,  in  i)ractically  the  same 
way  that  the  fares  are  regulated 
according  to  the  distance  traveled 
on  steam  roads.  Under  the  zone 
system,  a  person  may  only  pay  a 
two-  or  three-cent  fare,  for  which  he 
rides  two  or  three  miles ;  and.  after 
])assing  a  certain  zone  or  division,  he 
would  be  compelled  to  pay  anc^ther  fare, 
lor  this  reason,  a  comparison  of  the 
average  rate  of  fare  per  passenger  be- 
tween the  American  and  the  European 
systems  is  entirely  meaningless,  unless 
the  distance  traveled  is  taken  into  con- 
sideration. It  is  highly  improbable,  how- 
ever, that  anything  but  the  usual  five- 
cent  fare  for  the  full  length  of  the  citv 
roiUes  would  be  considered  in  anv  .Amer- 
ican city. 

The  real  test  of  the  success  of  numi- 
cipal ownership  in  Chicago  would  be  a' 
compari.son  of  the  results  between  it  and 
other  .American  cities  with  appro.ximately 
equal  population  but  with  i)rivately 
owne<l  lines.  In  order  that  such  a  com- 
parison ma\  ])e  luadc.  it  is  highlv  es- 
sential that  the  form  of  accounting 
adopted  by  the  city  shall  be  such  as  to 
render  such  comj)arisons  of  value. 

The  Street-Railway  .\ccotmtants"  As- 
sociation of  .America,  has.  after  many 
years  of  experience,  adopted  a  standard 
form  of  accounting,  which  is  the  form 
in  use  by  practically  all  street-railway 
companies  in  this  country,  whether  meiu- 
bers  of  the  association  or  not.  By  ad- 
hering to  such  a  standard  form,  a  com- 
parison of  municipal  and  privately  owned 
lines  would  be  easily  made.  In  many 
cases  of  mum'cipally  owned  public  utili- 
ties, the  accounting  departiuent  is  one  of 
the  weakest  features  :  and  it  is  frequently 
found  that  taxes,  rent.  dei)reciation.  and 
other  charges,  are  omitted  in  munici[)al 
accounting.     These  charges  should  cer- 
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tainlv  he  accounted  fi)r  in  a  municipal 
1.  as  in  a  private  one,  es])tcially 
uii  I.  a  comparist.n  of  the  two  is  desir- 
ahlc ;  anil  it  is  to  he  hoped  that  with  the 
adoption  of  nuniicii)al  street-railways, 
there  will  also  he  adopted  a  complete  and 
stantlard  system  of  accounting.  With- 
out the  latter,  the  real  success  or  failure 
of  municipal  lines  will  always  he  open 
to  controversy. 


^ 


"TTIE  recent  introduction  of  steam  tur- 
*■  bines  in  central  stations  and  for  other 
power  purj)Oses.  has  brought  the  question 
of  superheated  steam  prominently  to  the 
front,  as  it  has  been  found  that  turbines 
work  with  considerably  greater  economy 
when  using  superheated  steam.  There 
has  been  considerable  progress  made, 
within  the  last  few  years,  in  the  construc- 
tion of  steam  superheaters  and  a  re- 
view of  this  subject  by  Maurice  ^Sliet  is 
given  elsewhere  in  these  pages. 

It  is  noticeable  that  superheating  has 
been  carried  to  a  far  greater  extent  in 
Germany  and  France  than  it  has  been  in 
America.  In  some  of  the  modern  Ger- 
man plants,  the  superheating  has  been 
carried  to  about  700°  F.,  which  means 


that  the  temperature  of  the  steam  pipes 
must  reach  nearly  a  thousand  degrees.  It 
will  be  seen  that  this  complicates  the 
question  of  expansion  and  contraction  in 
the  pipe  lines  and  fittings  to  a  far  more 
serious  extent  than  in  cases  where  merely 
saturated  steam  is  used;  and  these  high 
temperatures  have  necessitated  the  de- 
sign of  special  fittings,  etc.,  which  are 
entirely  novel  to  American  engineers. 

In  this  country,  superheating  to  a  small 
extent — say  200°  to  300°  F. — has  be- 
come common  practice  since  the  intro- 
duction of  steam  turbines ;  but  for  these 
temperatures,  separate  superheaters  are 
not  required,  as  the  superheating  is  done 
in  the  boiler  by  the  same  fire  which  gen- 
erates the  steam. 

Aluch  of  the  early  superheating  appa- 
ratus was  very  delicate  in  construction, 
and  these  types  have  generally  been 
abandoned  in  spite  of  the  marked  effi- 
ciency attained  with  them,  which,  as  the 
author  states,  amounted  frequently  to  a 
coal  saving  of  20  per  cent.  The  im- 
provements which  are  constantly  being 
made  in  superheaters  wdll  undoubtedly 
lead  to  their  more  general  use  in  the  near 
future,  as,  in  addition  to  the  saving  in 
coal,  there  is  also  considerable  saving  in 
the  condensing  water  and  feed  water, 
and  a  great  reduction  in  the  size  of  pipes 
and  fittings. 
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Swimming  of  Cavalry  Horses 

How  these  Sensitive  Animals  are  Given  a  Most  Important  Branch 

of  their  Training 


By  W.  G.  FITZ-GER.ALD 


IT  is  well  known  that  the  X'etcrinary 
1  Vpartnicnts  of  the  armies  of  the 
world  maintain  a.q-ents  in  various 
coimtries  for  the  acquisition  of 
equine  recruits  to  the  cavalry  arm.  As 
fast  as  these  are  bouj::ht,  they  are  drafted 
to  head<iuar(ers  in  sjjccial  transjiorts.  and 
received  at  the  various  military  depots, 
where  they  are  most  carefully  inspected 
before  beinj?  passed  1)>  the  Inspector- 
General  of  Remounts  and  his  staff. 

A  verv  j^ood  price,  on  the  whole,  is 
paid  for  these  horses  —  anythin.cf  from 
^j^  to  $  I  CO  each,  in  very  larp^e  numbers  : 
and  the  i<leal  is  a  very  healthy  animal, 
free  from  blemishes  of  all  kinds,  and  pos- 
sessin£:f  a  good  temjier.  It  may  be  well 
imatjined.  however,  that  in  the  case  of  a 
country  like  Great  Britain,  which  iirac- 
tically  has  no  home  stock  to  draw  ui)on. 
but  relies  upon  miscellaneous  "bunches"' 
of  animals  gathered  together  from  the 
ends  of  the  earth,  the  horses  received  are 
anvthing  but  a  homogeneous  lot.  com- 
prising, as  they  do.  animals  from  Texas 
and  .Argentina,  from  Austria  and  Russia 
— everv  country,  in  short,  being  called 
upon  for  levies. 

Broadly  speaking,  it  may  be  said  that 


no  country  except  our  own  relics  entirely 
upon  its  home  sui)ply  of  horses,  for  the 
reason  that  they  are  not  sufficiently  nu- 
merous. ( )n  the  whole,  a  modern  cavalry 
horse  has  an  ideal  time  of  it.  his  lot 
being  better  than  even  that  of  the  mo.st 
pampered  carriage  animal,  which  is  too 
often  over- fed  and  under-exercised,  be- 
sides being  at  the  mercy  of  stable  men 
whose  knowledge  of  veterinary  science 
is.  to  say  the  least  of  it.  not  great. 

For  the  cavalry  horse  has  his  whole 
life  regulated  for  h.im  according  to  the 
most  up-to-date  methods  of  hygiene  and 
scientific  knowledge.  lie  is  regularly  ex- 
ercised, and  as  regularly  fed  with  care- 
fully calculated  rations:  antl  if  he  .shows 
the  slightest  symptom  of  sickness,  he  may 
take  a  jirolonged  rest  and  be  sure  of  the 
daily  attention  of  a  government  i)hy- 
sician.  who.  if  necessary,  will  order  him 
all  kinds  of  equine  delicacies. 

The  first  part  of  the  cavalry  horse's 
education  is  to  be  accustomed  to  the 
sound  of  firing — both  of  small  arms  and 
of  heavy  artillery.  Xow.  it  is  well  known 
that  horses  develop  almost  as  much  in- 
dividuality and  character  of  temperament 
as  human  beings ;  and  right  here,  at  the 
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very  l)ej:;iniiinp  of  tlicir  education,  there 
niav  l)e  some  of  them  so  constituted  that 
they  fail  miserahly  in  the  Hriiii,'  test,  and 
so,  after  persistent  endeavor,  are  finally 
relcjjated  to  the  Commissariat  or  Ambu- 
lance Department,  or  even  to  such  ig- 
nominious Work  —  comparatively  —  as 
haulinij  the  tubes  of  j^^as  that  inflate  the 
war-balloons  on  the  modern  fields  of 
manieuver. 

r.y  far  the  larjj^er  number  of  the  newly 
acquired  cavalry  horses,  however,  sooner 
or  later  jjrow  accustomed  to  the  rattle  of 
musketrv  fire,  and  the  roar  of  heavy  ord- 
nance firini;  shrapnel,  canister,  and  com- 
mon shell  and  case-shot,  so  that,  after  a 
time,  they  remain  perfectly  indifferent  in 
the  midst  of  the  most  fiendish  uproar. 

A  particularly  interesting"  branch  of  the 
cavalry  horse's  training  is  swimming. 
Manifestly  it  would  be  awkward  if  a 
large  force  of  cavalry,  operating  in  an 
enemy's  country,  were  detached  to  inter- 
rupt communications  or  cut  off  a  body 
of  the  enemy,  and  suddenly  found  that 
their  horses  absolutely  refused  to  swim 
across  the  rivers,  whose  bridges,  of 
course,  had  been  carefully  destroyed  by 
the  enemy.  And  not  only  the  horses  of 
the  cavalry  projier,  but  practically  every 
four-legged  beast  on  the  army's  strength, 
right  down  to  the  Commissariat  mules, 
is  expected  to  plunge  in  unhesitatingly, 
with  or  without  a  rider  on  its  back,  and 
cross  the  broadest  and  most  swiftly  run- 
ning stream. 

To  this  end,  all  the  armies  of  the  world, 
on  their  manreuver  grounds,  have  a  spe- 
cial body  of  water,  either  natural  or  ar- 
tificial, where  this  imi)ortant  branch  of 
the  horse's  education  can  be  provided. 
The  work  is  undertaken,  generally,  by 
the  rank  and  file  of  the  cavalry  men ; 
but  even  these  are  picked  out  for  their 
tact,  kindliness,  patience,  and  good  hu- 
mor, and  they  are  supervised  by  the  most 
expert  veterinary  ot^cers,  wdio  realize  the 
importance  of  the  first  lesson. 

For  upon  this,  everything  depends. 
Frighten  a  horse  thoroughly  during  his 
first  river-crossing  lesson,  and  it  is  doubt- 
ful whether  you  can  ever  afterwards  in- 
duce him  to  go  into  water  even  up  to 
his  knees.  Xothing  can  be  more  curious 
than  to  see  a  big  bunch  of  cavalry  horses, 
newly  received  at  the  military  depot,  on 


Ih.eir  way  down  to  the  river  for  their  first 
lesson.  The  "professors"  or  "tutors"  are, 
(or  obvious  reasons,  very  scantily  clad 
indeed ;  and  at  critical  stages  of  the  les- 
son, even  this  very  light  attire  may  be 
altogether  shed. 

On  the  river's  bank  is  a  scene  of  great 
activity  ;  and  you  will  see  a  number  of 
curious,  almost  semicircular  objects, 
which  presently  turn  out  to  be  collapsible 
boats,  made  of  stout  ash  framework  and 
the  strongest  of  waterproofed  canvas. 
The  horses  are  first  led  or  ridden  up  and 
down  the  bank  :  and  in  cases  where  there 
is  an  artificial  reservoir,  there  is  a  spe- 
cial tow-path  for  this  purpose.  The  ob- 
ject is  to  get  the  horses — many  of  which 
may  have  come  from  arid  regions  and 
])robabl}'  never  saw  a  considerable  body 
of  water  until  they  embarked  on  the  sea 
— accustomed  to  the  sight  of  tlie  water. 
The  next  stage  is  to  get  them  to  dabble 
their  fetlocks  ;  and  from  this  up  to  the 
depth  of  their  knees,  is  a  somewhat  criti- 
cal and  delicate  stage,  wdiich  will  reveal 
the  aptitude,  boldness,  or  timidity  of  the 
various  animals  under  training. 

Some  horses,  even  left  to  themselves, 
will  plunge  boldly  in  and  begin  swim- 
ming on  their  ow'n  account  wdien  the 
water  begins  to  wash  over  their  backs. 
Such  animals  as  these  become  rapid  and 
powerful  swimmers,  and  wall  even  cross 
a  stream  \vith  a  fully-equipped  cavalry 
man  on  their  back.  Manoeuvers  of  this 
kind  may  often  be  seen  in  Italy — in  fresh 
water  in  the  Arno  at  Florence ;  and  in 
the  sea  at  Mareggio,  wdiere  His  Royal 
Highness  the  Count  of  Turin,  on  his 
highly  trained  charger,  will  plunge  boldly 
into  the  Mediterranean  surrounded  by 
the  officers  of  his  staff,  and  swim  out  a 
quite  considerable  distance. 

But  for  the  most  part,  the  horses  are 
timid.  3*Iany  of  them  buck  and  rear,  and 
throw  their  riders  headlong  into  the 
water.  Of  course  the  men  mind  this  not 
at  all.  since  they  only  wear  their  under- 
clothing, or  else  are  practically  nude. 
The  collapsible  canvas  boats  are  now  got 
ready,  and  each  of  them  manned  bv  a 
few  picked  cavalry  men,  wdio  push  boldly 
oflf  and  take  a  few  of  the  unwilling  horses 
in  tow,  w^hether  they  will  or  no.  On 
reaching  the  opposite  side,  the  trembling 
animals  are  soothed  and  reassured,  trot- 
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T/it-  horses  are  " hifroifineif"  to  the  ivater 
ii'hit/i    '        '      '        '    '       s/iti// cross. 


The  boats  encouraf^e  the  fiwitf. 


T^ 


They  giiin  a  Ziffle  viore  confidence,  sfill 
fee/inj^  the  bottom. 


1 


m 


The  reluitant  are  taken  in  fo-w. 


This  is  "bare-back"  riding  of  a  literai  knui. 


Their  task  is  nearly  done. 
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ti'(l  up  ajul  <l()\vii  the  bank,  and  tlien  taken 
for  the  return  iournev.  After  a  week  or 
two.  these  hr^rse? — even  the  most  timul 
of  them — have  become  so  j^roficient  that 
they  will  tow  the  linat.  instead  of  the  boat 
towinjj  them  :  and  on  a  very  hot  day  they 
seem  to  derive  positive  pleasure  from 
this  exercise. 

Later  on,  each  cavalry  man  takes  his 
(uvn  horse  in  hand,  and  swims  across 
with  him.  holdintx  his  left  arm  about  the 
animal's  neck,  and  holding  his  rifle  clear 
of  the  water.  Thus  the  lessons  grow 
more  and  more  elabcirate.  until  the  day 
when  a  squadron,  fully  cai)arisoned  and 


mounted,,  dash  down  to  the  banks  of  a 
river,  and  plunge  in  without  a  moment's 
hesitation,  at  a  spot  where  the  current 
may  be  swaft  and  the  water  very  deep. 

And  then,  when  the  horses'  shoulders 
come  awash,  each  cavalryman  slips  out 
of  the  saddle,  and  swims  by  his  horse's 
side,  the  man  directing  the  animal  to  a 
suitable  landing  place.  Then  both  horse 
and  man  give  themselves  a  shake ;  the 
trooper  mounts ;  the  squadron  reforms  ; 
and  off  they  go  after  some  imaginary 
enemy,  who  will  speedily  find  that  the  de- 
struction of  all  bridges  behind  him  has 
not  hindered  pursuit  in  the  least  degree. 


Dinner-Pail  Philosophy 


€L  The  sun  that  shines  in  the  face  rises  in  the 
heart. 


C  If  all   would  work  a  little,  none  would  be 
overworked. 


C  There   is  no  man  ever  any  l)etter  than   he 
wants  to  be. 


C  It  takes  less  than  two  half-truths  to  make 
a  full-sized  lie. 


C  The  trouble  with  most  advice  is  that  it  is 
only  accusation. 

C  Health  may  be  wealth,  but  it  takes  industry 
to  convert  it  into  cash. 

<LThe  only  man  who  never  made  a  mistake 
died  when  he  was  a  boy. 

C  The  man  who  is  too  good  for  his  job  has 
a  iob  that  is  too  good  for  him. 

€L  The  fellow  who  waits  always  gets  what  he 
wants  when  he  waits  on  himself. 

C  If  a  book  bores  you,  it's  an  easy  matter  to 
shut  it  up ;  but  when  a  man  bores  you — well, 
that's  different. 

C  M"-i  -mil;!!:  \vi)i!n.-n  say  they  wouldn't 
marry  the  best  man  in  the  world,  and  most 
married  women  know  they  didn't. 


<!.  People  who  advertise  their  troubles  never 
clear  off  their  stock. 


C  The    difficulties    that    dishearten    the    small 
man  only  determine  the  great. 

€L  He    isn't   very    much    in   love    if   he   writes 
sensible  letters  to  his  best  girl. 

CL  Take    sunny    views    of    things.      "A    merry 
heart  doeth  good  like  a  medicine." 


C.  Many  a  man's  reputation  would  not  know 
his  character  if  they  met  on  the  street. 

<L  A  man  is  seldom  able  to  see  a  job  when  he 
looks  through  the  bottom  of  a  beer  glass. 

C  A  good  many  of  the  difficulties  we  complain 
of  are  difficulties  only  because  we  complain. 


EXPERIMENTAL  GASOLINE  MOTOR  CAR  FOR  INTERURUAN  SERVICE. 
Intended  for  passeneer  service  out  o(  Cortland,  Ore.— Seatinu  capaii'>    -'>  '.  t  v,,iis.— Weiijlu.  about  •10.000  pounds. 


Gasoline  vs.  Electricity  on  Railroads 

Experimental  Gasoline  Motor  Car  Built  by  the  Union  Pacific  Rail-way  to  Solve 

the  Problem  of  Interurban  Trartic 


By  ELBERT  E.  DEWEY 


WITH  (lie  incrcasinp^  number 
and  efficiency  of  interurban 
trolley  lines,  locomotive  rail- 
road companies  have  been 
lookincf  more  and  more  with  serious  con- 
cern upiiii  the  i)roblem  of  inter- 
urban traffic.  ^"ear  by  year  they 
have  seen  trans])()rtation  receipts 
from  carriage  of  milk,  passengers, 
and  short-distance  express  drop  off  as 
the  street  railroad  has  offered  more  and 
more  inducement  to  the  shipper  or  the 
passeiifT^er.  In  order  to  meet  this  compe- 
tition, it  has  been  necessary  to  increase 
their  own  service  and  reduce  the  opera- 
tive cost. 

The  problem  now  seems  well-ni^h 
solved  in  a  motor  car  for  local  pas.senjL,a'r 
service  recently  built  by  the  I'nion  Pacific 
Railway  Company  at  Omaha,  Xeb., 
which  is  propelled  bv  a  si.x-cylinder  ICXD- 
horse-power  gasoline  motor  built  by  a 
comi)any  in  Jersey  City,  X.  J.  This 
motor  ojicrates  upon  the  four-cycle  prin- 
ciple, and  is  reconstructed  accordinij  to 
the  plans  of  Mr.  W.  R.  McKeen.  Jr., 
Superintendent  of  Motive  Power  of  the 
Union  Pacific  Railway,  from  a  standard 
six-cylinder  entwine  used  princi])ally  in 
auto-boats.     Many  objectionable  features 


in  q-asoline  motors  have  been  eliminated. 
\  ibration  by  rea.son  of  the  arranp^ement 
of  cranks  has  been  done  away  with.  Fly- 
wheel weiirhts  are  reduced.    The  amount 


W.  R.  McKEEN.  Jr. 

Superintendent  of  Motive  Power  and  Machinery,  Union 
Pacific  Railroad. 
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•  )l  lutl  fed  is  controlled  by  a  small  ad- 
justing: screw  at  the  top  of  the  spray  box, 
and  freeziuf,'  is  prevented  by  drawinc: 
V  arm  air  thronj^di  the  air  feed  jiipe.  P^ach 
cvliiidiT   is  8  inches  in  diameter  bv    lo 
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Typical  Compression  Diagram  of  "Standard"  4-Cycle 
R-Cylinder  Gasoline  Motor. 

inches"  stroke,  and  the  starting:  and  re- 
versing are  by  compressed  air.  For  this 
purpose,  larg^e  reservoirs  are  carried  be- 
neath the  car ;  and  bv  means  of  air  pres- 
sure, the  motor  is  put  rapidly  into  mo- 
tion, being  then  picked  up  by  gasoline  ex- 
plosion to  maximum  speed  without  jar 
and  in  the  minimum  space  of  time.  A 
small  pump  on  the  engine  keeps  up  the 
su|)ply  of  storage  air.  The  exhaust 
valves  open  at  a  pressure  of  about  30 
pounds  to  the  square  inch,  and  there  is 
practically  but  one  or  two  pounds'  back 
pressure  in  the  pipos.  There  are  no  pis- 
ton rods,  the  connecting  rods  running 
straight  to  the  piston  in  the  regular  trunk 
engine  pattern. 

The  accompanying  indicator  cards 
show  the  working  conditions  clearly.  In 
the  larger  card,  the  compression  is  55 
pounds  ;  maximum  pressure,  288  pounds  ; 
exhaust  pressure,  30  pounds  ;  mean  ef- 
fective pressure,  85  pounds ;  indicated 
horse-power  per  cylinder,  18-9/10;  total 
indicated  horse-power,  113-4/10.  The 
smaller  card  was  taken  with  a  ten-pound 
spring,  and  shows  only  the  bottom  of 
the  diagram— that  is,  the  suction  stroke, 
beginning  of  compression  curve,  and  end 
of  exhaust. 

The  car  is  thirty-one  feet  long.  Its 
lines  of  construction  are  entirelv  unique, 
laeing  modeled  after  the  hull  of  the  rac- 
ing yacht  Reliance.  The  rear  of  the  car 
is  rounded  ofif  to  avoid  vacuum,  and  tbe 
front  tapers  from  the  sides  and  over  the 


top  to  a  sharp  edge,  thus  affording  but 
slight  resistance  to  the  atmosphere.  The 
roof  is  smooth  except  for  Cottier  venti- 
lators which  exhaust  air  from  the  inside 
of  the  car  by  suction.  The  air  taken  in 
from  the  top  and  distributed  by  small 
ducts,  is  evenly  diffused  throughout  the 
car.  the  exhaust  ventilators  helping  to 
]jroduce  circulation. 

The  interior  of  the  car  is  finished  richly 
but  simply,  in  ort'er  that  hygienic  cleans- 
ing may  be  possible.  The  floor  is  sealed 
so  that  the  car  can  be  flushed  with  boiling 
water,  thus  killing  all  disease  germs.  The 
interior  is  lighted  by  acetylene  gas  from 
opalescent  panels.  A  novel  feature  is 
made  use  of  in  warming  the  car  in 
winter.  W'ater  from  the  cylinder  jackets 
of  the  engine,  is  run  around  the  sides 
within  the  car,  so  that  in  cold  weather 
there  is  sufficient  radiation  to  maintain 
an  even  and  comfortable  heat.  In  sum- 
mer this  water  is  piped  to  coils  beneath 
the  car,  for  cooling  purposes.  Exact  con- 
trol can  be  had  by  allowing  a  greater  or 
lesser  amount  of  hot  water  to  pass 
through    the   coils   within   the   car,   thus 
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Suction  Stroke  and  Compression  Curves. 
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giving  an  almost  perfect  system  of  tem- 
perature regulation. 

The  speed  is  practically  unlimited,  al- 
though it  is  intended  to  operate  at  only 
about  20  to  30  miles  per  hour.  Separate 
compartments  will  be  installed  for  smok- 
ing and  for  the  carrying  of  express  and 
baggage. 

The  truck  is  of  a  special  design,  and 
embodies  all  the  good  points  of  the  street- 
car, Pullman  palace  car,  and  locomotive 
truck.  The  springs  are  designed  and  ap- 
plied so  as  to  avoid  entirely  the  rocking 
or  teetering  action  ordinarily  experienced 
on  light  interurban  trolley  lines,  and  al- 
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lowincf  of  hici;liorspceflii])«Mi  a  sccond-ralc 
track.  The  a\(.ra.i;c  DpLiativc  cost  is  fij;- 
urcd  at  from  14  to  15  cents  a  mile,  iii- 
cludinij  the  salary  of  hotli  conductor  and 
ent^'-ineer.  In  a  recent  trip  from  X'allev. 
Xel).,  to  ( )maha,  Xeh..  the  car  was  run 
at  a  rate  of  ^^  miles  per  hour  against  a 


>tron,i;  iKail-w  iiid.  and  could  hnvc  made 
hetter  tinu-  had  the  condition  of  the  track 
permitted.  In  another  test  the  car  as- 
cendetl  a  coal  chute  trestle,  startinjj  at 
a  si.x  per  cent  t:;rade.  finishinf^  at  an  eij^j^ht 
per  cent  tirade,  and  at  every  point  show- 
ing perfect  control. 


Life  Stories  of  Successful  Men 

Charles  H.  Haswell 

An  Active  Engineer  at  Ninety-Five 


By   WILLIAM    R.   STEWART 

Editorial  Staff,  Cosmotolitan  Maeazine 


bv 


IX  the  lono^-apj-o  days  when  .Andrew- 
Jackson  was  President  of  the  United 
States,  a  younj;-  civil  enjj^ineer 
of  Xew  York  was  employed 
the  Connnissioners  of  the  Unitect 
States  Xavy  to  present  designs  for 
the  engines  and  boilers  of  the  steam 
frigate  I'ultou,  then  on  the  stocks 
at  the  iirooklyn  .Xavy  'S'ard.  That  was 
in  1835,  three  score  and  ten  years  ago, 
the  number  which  the  prophet  allotted 
as  the  age  of  man.  In  1902,  the  same 
engineer  was  appointed  by  the  city  ad- 
ministration of  Xew  York  as  Consulting 
Kngineer  to  the  P)oard  of  Estimates  and 
Apportionment  of  that  municipality,  an 
office  which  he  still  holds,  lletween  the 
two  api)ointments,  perhaps  the  busiest 
career  in  the  biography  of  engineering 
has  been  lived. 

Charles  11.  llaswell  was  bf)rn  in  the 
city  of  New  York,  May  22,  1809.  He  is 
therefore  almost  ninety-six  years  old — 
and  still  in  harness.  In  the  pursuit  of 
his  profession,  he  has  designed  and  su- 
perintended the  construction  of  warships, 
revenue  cutters,  yachts,  and  other  steam- 
ers ;  the  foundations  of  buildings  and 
bridges:  designed  the  bulkhead  at  Hart's 
Island.  X'^ew  York,  and  one  in  the  Har- 
lem River:  was  a  trustee  of  the  Xew 
York  and  Brooklyn  P>ridge  during  its 
construction :    and    has    been    associated 


with  man\-  national  and  civic  undertak- 
ings of  magnitude. 

At  nowhere  in  his  career  did  the  ele- 
ment of  pull  or  graft  enter  into  his  suc- 
cess. Twice,  in  his  earlier  days,  while 
connected  with  the  Navy  Department,  he 
was  suspended  because  he  refused  to 
subordinate  his  own  well-fomided  con- 
victions to  the  whims  or  inexperience  of 
oflficials  :  and  in  his  later  years,  a  rough 
independence  has  been  no  less  a  char- 
acteristic of  him  than  his  sterling  and 
recognized  honesty.  Right  use  of  nat- 
ural ability,  a  souikI  judgment,  integrity, 
and  thoroughness  in  his  undertakings, 
have  com])ined  to  form  the  keynotes  of 
his  professional  life. 

.\lr.  I  laswell  was  given  a  classical  edu- 
cation :  but  his  inclinations  lay  in  the  di- 
rection of  a  technical  career,  and  in  1828 
he  entered  the  employ  of  James  P.  Al- 
laire, then  the  largest  manufacturer  of 
steam  engines  and  boilers  in  the  I'nited 
I^tates.  Within  seven  years,  or  when  he 
was  twenty-si.K  years  old.  his  reputation 
for  engineering  skill  had  become  .so  con- 
siderable as  to  attract  the  attention  of  the 
Xavy  Connnissioners. 

When  .Mr.  Haswell  inspected  the  fri- 
gate Fultou,  at  their  invitation,  he  recom- 
mended that  the  vessel  be  lengthened  an 
additional  twenty  feet.  This  was  deemed 
by  the  non-concurring  Commissioners  as 
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presumption  of  so  darinp:  a  kind  as  to 
call  for  an  inmudiate  check ;  anil  the 
viiinij;  engineer  harely  escaped  beings  dis- 
missed. Nevertheless  the  Pulton,  in 
1852,  was  lenj^thened  thirty  feet! 

Ipon  the  completion  of  the  F niton  and 
her  equipment  for  service.  Mr.  Ilaswell, 
ilespite  the  fact  that 
h  i  s  recommendation 
as  to  her  leni^th  had 
been  disrcgfarded.  was 
ap])ointed  the  vessel's 
chief  en.£::ineer.  con- 
tinuing^ as  such  until 
his  services  were  re- 
quired for  the  desig:n 
and  construction  of 
other  antl  larg;er  ves- 
sels. On  the  comple- 
tion of  one  of  these, 
Xhc  Missouri,  he  was 
detached  from  duty 
at  the  Xew  York 
-Vavy  Yard,  and  as- 
signed to  cruise  in  the 
new  vessel  until  its 
departure  for  Gibral- 
tar and  the  Mediter- 
ranean. 

Just  before  the  lat- 
ter event,  an  incident 
occurred  which 
showed  that  the  naval 
officials  of  those  days 
were  not  all  practical 
engineers.  It  had 
been  suggested  to  the 
Secretary  of  the 
Xavy  by  the  Engi- 
neer-in-Chief  that  the 
Missouri 's  vertical 
smoke  pipe  of  seven 
feet  diameter  could 
effectually  be  replaced 
b  y  two  horizontal 
pipes  of  three  and 
one-half  feet  each, 
and  that  by  leading 
them  into  the  water-wheel  houses  a  sufifi- 
cient  draught  for  the  furnaces,  could  be 
obtained  simply  by  the  centrifugal  action 
of  the  water  wheels.  When  Mr.  Has- 
well  reported  against  the  proposed 
scheme,  he  was  promptly  suspended  from 
duty,  and  the  experiment  was  ordered  to 
be  made.     The  Secretarv  and  members 


CHARLES  H,  HASWELL. 


of  the  Cabinet  were  invited  to  be  present 
at  the  trial,  and  several  came.  The  re- 
sult was  a  complete  failure ;  and  when 
this  was  assured,  the  suspended  engineer 
was  inforiiied  that  he  would  be  restored 
to  duty  if  he  would  apologize  for  his  ac- 
tion.    This,  however,  he  declined  to  do. 

Parenthetically  it  may 
be  noted  that  the  Mis- 
son,  ri  was  burned  later 
at  Gibraltar  by  the 
bursting  of  a  demi- 
john of  spirits  of  tur- 
pentine in  c  o  n  s  e  - 
quence  of  the  ignor- 
ing of  a  requisition 
from  Mr.  Haswell 
that  a  metallic  vessel 
be  provided  for  hold- 
ing the  spirits  in  the 
engine  room. 

In  1843,  the  act  of 
organization  of  the 
Engineer  Corps  of  the 
Xavy  was  altered  at 
the  instance  of  Mr. 
Haswell,  and  the 
warrant  of  engineer- 
in-chief  replaced  by 
a  commission  from 
the  President.  Mr. 
H  a  s  w^  e  1 1  was  ap- 
pointed to  this  office, 
the  appointment  being 
confirmed  by  the  Sen- 
ate ;  and  for  eight 
years  he  discharged 
the  duties  of  head  of 
the  Engineer  Corps, 
wholly  reorganizing 
the  tenure  of  appoint- 
ments in  the  corps  by 
subjecting  all  em- 
ployees to  an  exami- 
nation to  decide  their 
proper  class  and 
grade.  As  a  result,  a 
Chief  of  Department 
was  made  a  first  assistant ;  a  first  as- 
sistant, second  ;  and  some  seconds,  thirds. 
Previous  to  this  time,  the  engineers  of 
the  N"avy  had  been  appointed  largely  at 
the  instance  of  Members  of  Congress 
and  manufacturers  of  engines,  with  more 
regard  to  their  personal  interests  than 
their  professional  efficiency. 
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In  185 1,  Mr.  llaswcll  was  Mipcrsodi-tl 
as  Knginccr-in-Lliict  by  the  appointment 
of  an  intimate  ac(|uaintance  of  ['resident 
Fillmore,  the  excnse  beinjif  jjiven  that  Mr. 
llaswells  Democratic  politics  were  ob- 
jectionable. Shortly  afterwards,  how- 
ever, he  was  restored  to  his  former  ^rade 
and  rank.  This  experience,  and  fnrther 
imsatisfactory  relations  with  the  heads 
of  the  Xavy  Department,  who  had  or- 
<lercd  him  on  sea  service  althonj^h  he 
was  a  sufferer  from  the  effects  of 
malarial  fever,  induced  him  to  leave  the 
service,  and  he  resumed  the  practice  of 
civil  and  marine  entjineering  in  New 
York. 

From  i8St  to  i8v8.  Mr.  Ilaswell  was 
a  member  of  the  I'toard  of  Councilmen 
of  Xew  York  City  :  and  during  the  lat- 
ter year,  was  its  president.  On  the  open- 
ing of  the  Paris  Fxposition  of  1867.  he 
was  proposed  by  Captain  I'-ricsson.  who 
liatl  declined  the  appointment,  to  repre- 
sent the  L'nited  States  Government  on 
that  occasion  :  but  political  cc^nsiderations 
caused  the  selection  of  another. 

The  public  appreciation  of  the  sound- 
ness of  Mr.  Ilaswell's  judgment,  not 
only  on  matters  of  purely  engineering 
concern  but  on  those  re(|uiring  adminis- 
trative talent  as  well,  was  shown  in  1861, 
at  the  opening  of  the  Civil  War.  A 
number  of  citizens  of  Xew  ^'ork.  hur- 
riedly convened,  subscribed  a  millicin  dol- 
lars to  be  expended  in  the  prosecution 
of  measures  in  support  of  the  Govern- 
ment, and  requested  .Mr.  Ilaswell  to  pro- 
ceed at  once  to  Washington  to  give  his 
advice  as  to  the  ai)propriation  of  the 
money  and  to  assure  the  President  of 
the  purpose  of  the  donors  to  offer  every 
assistance  in  their  power.  At  the  time 
that  Mr.  Maswell  made  this  tri]),  the 
bridges  on  the  route  through  Maryland 
had  been  destroved,  and  travel  to  \\'ash- 


ini^iou  was  arrested  ;  Ijui,  partly  by  rad 
ami  partis  on  UxA,  without  baggage,  he 
reachetl  the  national  capital  on  the  third 
day.  and.  presenting  his  credentials  i' 
President  Lincoln,  a  Cabinet  Council  was 
at  once  summoned,  which  was  attended 
by  Major-General  Scott  and  Mr.  Ilaswell 
himself. 

In  1898.  Mr.  Ilaswell  was  appointed 
by  the  Hoard  of  Public  Improvements  of 
Xew  York  to  design  and  direct  the  grad- 
ing and  adaptation  of  Hiker's  Islan«l  for 
the  service  of  the  Department  of  Correc- 
tion. In  19OJ.  as  already  has  been  said, 
he  was  appointed  Consulting  Engineer 
to  the  Poard  of  Estimates  and  Apportion- 
ment. In  consiileration  of  his  many  serv- 
ices, the  Engineers  of  the  Xavy  had  ma<le 
a  bust  of  him  in  bronze,  and  this  is  now 
deposited  in  the  Smithsonian  Institution 
at  Washington.  .\  similar  bust,  in  the 
I'nion  Club  in  Xew  York,  testifies  to  the 
esteem  of  his  fellow  members  in  that  as- 
sociation. 

When  asked  recently  what  particular 
services  during  his  long  career  he 
thought  stood  as  representative  memen- 
tos of  his  work.  Mr.  Ilaswell  answered: 

"The  organization  of  the  Engineer  Corps 
of  the  Xavy;  tlic  design,  direction,  and  siiper- 
inteiidence  of  tlie  first  steam  launcli ;  the  ap- 
plication of  zinc  in  the  holds  of  iron  vessels 
and  in  steam  hoilers.  to  arrest  oxidation ;  and 
tlie  fiirnisliing  of  the  working  drawings  of 
tlie  eminently  successful  steam  frigate  Poxc- 
liatiiii.  which,  for  want  of  assistants  and  be- 
cause of  the  demands  of  the  contractor,  I  was 
constrained  to  furnish  without  first  having 
made  a  general  plan.  " 

It  may  be  added  that  this  last-men- 
tioned feat.  Ijccause  of  the  magnitude  i^f 
the  work  and  because  it  saw  the  first 
introduction  of  iron  frames  for  steam  en- 
gines, was  professionally  recorded,  both 
in  -America  and  in  Europe,  as  an  unparal- 
leled i)erformance. 


U.  S.  S.  ALABAMA. 
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This  histonc  monument  is  the  first  that  was  erected  in  memory  of  the  gallant  men  who  died  in  defense  of 
hom^  and  liberties  in  the  War  of  the  Revolution.  It  was  built  in  1799,  "Sacred  to  Uberty  and  the  Rights  of 
Mankind  and  is  sull  m  a  good  state  of  preservation.  It  appropriately  marks  the  burial  spot  of  Captain  Parker's 
Minute  Men  killed  in  battle. 


IS12) 


WAS     MAD  K 


Spot  where  the  Stars  and  Stripes  were  first  unfurled  in  battle.  This  was  at  Cooch's  Bridge,  September  3. 
1777.  one  week  previous  to  the  battle  of  Brandy  wine.  —  Memorial  erected  by  the  patriotic  societies  and  citizens  of 
Delaware,  September  3,  1901. 


Buckman  Tavern,  Lexington,  Mass.  Built  in  1690,  and  still  standing  in  its  original  condition.  The  Minute  Men 
assembled  here  on  the  greer.  ai  the  first  alarm,  but,  seemg  no  sign  of  the  approach  of  the  British,  were  ordered  to 
reassemble  at  the  beat  of  the  drum.  Most  of  them  wailed  at  Buckman  Tavern.  The  bullet  holes  made  by  the 
shots  of  the  British  soldiers,  can  still  be  seen.  This  house  was  the  headquarters  of  Captain  John  Parker  and  his 
company,  and  their  refuge  when  compelled  to  disperse  on  the  morning  of  April  19,   1775. 
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Pipe°ArcIh  Bridge 

Trills  pipi'-arcli  span  recently  Ijuill  over 
*•  the  Siulbury  river  near  Saxonville, 
Mass.,  is  unique  in  that  it  is  the  only  one 
of  the  kind  in  this  country ;  and  there 
is  hut  one  of  the  sort  in  Europe.  This 
bridc^c  is  one  of  the  wonders  of  Boston's 
water  system. 

The  arch  is  located  a  short  distance 
from  Saxonville.  and  forms  part  of  two 
sections  of  the  aqueduct.  Steel  pipe  had 
to  be  used,  the  diameter  being  7^  feet, 
and  the  thickness  of  the  steel  7-16  of  an 
inch  in  the  strai.q-ht  parts  of  its  construc- 
tion. In  the  arch,  however,  where  the 
conduit  had  to  sustain  its  own  weight 
and  that  of  the  water  within  it,  and 
where,  accordingly,  greater  strength  was 
nec<Ied,  the  thickness  was  increased  to 
%  of  an  inch. 

The  width  of  the  river  at  the  point 
where  it  is  spanned  by  the  arch,  is  80 


feet,  the  rise  of  the  highest  part  of  the 
arch  above  a  horizontal  line  being  5^^ 
feet.  This  puts  a  tremendous  pressure 
against  the  abutments,  to  hold  the  enor- 
mous weight  of  the  pipe  when  filled  with 
the  yjA-ioot  column  of  water  ;  and  ac- 
cordingly, there  is  abovit  40  feet  of  solid 
concrete  back  of  the  stone  abutments. 
Projections  were  fastened  to  the  pipe,  so 
as  to  give  it  a  grip  on  the  concrete ;  and 
everything  is  so  solid  that  there  is  no 
danger  of  anything  giving  way. 

Special  apparatus  had  to  be  invented 
for  the  handling  of  this  heavy  work  both 
in  the  shop  and  in  the  field.  The  steel 
plates  were  made  in  Harrisburg,  Pa.,  and 
tested  in  Pittsburg.  In  Cambridge, 
^lass.,  they  were  made  into  pipe,  and 
double-riveted.  In  order  to  protect  the 
pipes  from  moisture,  they  were  dipped 
in  a  bath  of  asphalt,  a  coating  from  1/32 
to  3/64  inch  in  thickness  remaining  on 
the  steel  inside  and  outside. 
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PIPE-ARCH  BRIDGE. 
Over  Sudbury  river,  near  Saxonville.  Mass.-The  only  other  bridge  of  this  type  is  in  Europe. 
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Con^cre^e  B^lildillg 

""pilIC  accoinpaiiyiii}^'  illustration  shows 
■*•  an  excclk-nt  cxainplc  of  the  new 
nuthoil  of  c<in>lructiii}^'^  bniklin^s  out  of 
concrete.  There  is  not  a  piece  of  natural 
stone  in  the  structure,  except  the  crushed 
stone  which  is  mixed  with  the  cement 
to  form  the  concrete.  .\s  the  photoj^aapii 
shows,  a  framework  was  Iniilt.  consist- 
inj^  of  wooden  moulds  into  which  the  ma- 
terial was  poured  from  ladles  lifted  hy 
lierricks.  When  the  concrete  had  solidi- 
fied, the  outside  of  the  moulds  was  torn 
away,   leaving    in   position    the   concrete 


CONCRETE    Bl'ILDING   IN   ColRSE   OF  CONSTRUCTION. 

beams  and  columns,  some  of  which  arc 
seen  in  the  upper  portion  of  the  picture. 
Ui)on  these  were  laid  blocks  of  the  same 
material,  which  had  l)een  moulded  sep- 
arately. 

The  lower  portion  shows  the  comj^leted 
wall.  In  the  story  immediately  above  it. 
the  concrete  is  as  it  appears  after  beini::^ 
stripped  of  the  wooden  framework  :  while 
the  top  story  consists  merely  of  the 
moulds  which  have  just  been  completed. 
The  methotl  is  called  the  "ferro-concrete" 
for  the  reason  that  the  material  is  poured 
into  the  moulds  around  a  cluster  of  steel 
rods,  which  are  buried  in  it.  thus  adding 
to  its  strength  and  tenacity. 


CROSS-SeCTIiiS   of    Pi)!,lTI\K    Hlower. 

Modlenm    Rotary 
Blo^^ers 

A  MOXG  the  several  means  of  furnish- 
^~^  ing  air  or  gas  at  certain  pressures, 
or  exhausting  from  pressures  less  than 
atmospiiere,  the  rotary  blower  is  a  dis- 
tinct type,  and  covers  a  field  varying  from 
six  ounces  at  one  end  to  ten  or  twelve 
pounds  at  the  other.  Its  cross-section  is 
shown  in  the  accompanying  cut,  and  the 
action  is  as  follows : 

The  rotation  of  the  impeller  draws  in 
the  air  or  gas  until  the  opposite  lobe  cuts 
it  off.  I-'urther  rotation  delivers  it  on 
the  discharge  side,  the  rolling  together 
of  the  impellers  preventing  its  return. 
On  each  shaft  is  ])laced  a  gear,  cut  ac- 
curately, and  meshing  with  the  corre- 
sponding gear  on  the  other  shaft.  These 
keep  the  impellers  in  their  correct  relative 
positions.  Adjustable  boxes  and  self-oil- 
ing bearings  are  part  of  the  constructive 
features  of  the  machine.  I  laving  no  valves 
or  other  small  parts  and  no  reciprocat- 
ing parts,  they  are  simi)le  to  care  for, 
have  few  adjustments  to  handle,  and  are 
therefore  durable  and  efficient. 

With  the  facilities  at  hand  to-day.  the 
curves  of  the  impellers  can  be  machined 
with  the  utmost  accuracy,  thus  enabling 
the  device  to  operate  with  high  efficiency. 
The  slip  seldom  runs  over  8  per  cent  in 
machines  operating  against  one  and  a- 
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half  pounds"  pressure ;  and  from  15  to  20 
per  cent  at  a  pressure  of  six  or  seven 
pounds.  The  mechanical  friction  of  the 
rotary  blower  is  low,  not  often  exceeding 
10  per  cent  of  the  total  load  on  the  ma- 
chine, and  often  being  as  low  as  7  per 
cent. 

applications     of 

are    many    and 

principal    ones 
for     furnishing 

smelting    work, 


The 
blower 
of    the 
work, 
cupola  ; 


this     type    of 

varied,     some 

being    foundry 

blast     for     the 

melting    lead 


and  copper  ores ;  filtration  work,  for 
aerating  water ;  blast  in  heating  oil  fur- 
naces ;  laundry  work,  for  drying ;  gas 
works,  for  handling  coal  and  water  gas 
and  for  high-pressure  distribution ;  nat- 
ural gas  wells,  for  exhausting  gas  on 
weak  wells ;  pneumatic  tube  work  in 
large  stores,  for  cash-carrier  systems ; 
and  pneumatic  handling  of  grain,  tobac- 
co, and  coal. 

Rotary  blowers  may  be  driven  by  belts, 
by  direct-connected  engines,  by  motors 
direct-connected  or  geared,  and  by  tur- 
bines, both  w^ater  and  steam. 


valley,  the  entrance  to 
which  is  so  narrow  that 
one  railroad  line  has  se- 
cured all  the  right-of- 
way.  Xear  the  center, 
however,  the  hills  on 
either  side  are  slightly 
depressed.  Through 
these  depressions  the 
Fremont,  Elkton  &  Mis- 
souri Valley  Railroad 
Company  has  built  a 
track,  which  enters  the 
tow-n  by  means  of  trestle 
work,  as  shown  in  the 
illustration.  The  place, 
however,  owes  its  ex- 
istence to  immense  deposits  of  copper  ore 
in  the  hills  on  either  side.  These  have 
been  worked  for  a  number  of  years  by 
one  company,  which  controls  the  majority 
of  the  mines.  In  order  to  connect  the 
mines  and  smelters,  the  company  con- 
structed an  elevated  railroad,  which  is 
really  an  immense  bridge,  reaching  from 
one  ridge  to  the  other.  This  viaduct 
supports  a  track  on  which  are  hauled  its 
trains  of  ore  cars. 

At  the  time  the  photograph  was 
taken,  it  will  be  noticed  that  no  less  than 
three  trains  on  the  three  different  lines 
w^ere  in  view.  On  the  mining  railroad, 
however,  not  only  steam  but  electric  loco- 
motives are  used,  so  that  really  four  en- 
gines are  visible,  the  compressed-air  lo- 
comotive being  at  the  right  of  the  picture 
and  on  the  highest  track. 

'T'HE  photograph  reproduced  in  the  ac- 
companying cut  illustrates    a    some- 
what novel  use  made  of  the  automobile 


IT  is  doubtful  if  anywhere  else  in  the 
world  can  be  seen  three,  railroad 
tracks  arranged  like  the  ones  illustrated 
in  the  accompanying  photograph — so  that 
one  train  can  stand  above  another.  These 
crossings  are  located  in  a  town  in  south- 
ern Nebraska.     The  town  lies  in  a  deep 


Auto  Snow-Plow. 
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in  the  Xew  Enjjland  States.  Duriiipf  tlie 
past  winter,  when  the  snowfall  was  ex- 
ceptifinally  heavy,  the  autoniohilc  was 
fastened  to  a  snow-ploxy  and  was  used 
to  clear  roadways  and  sidewalks.  So  ef- 
fectually did  it  do  the  work  that  the 
motor  car  here  illustrated  kept  nearly  all 
the  streets  of  one  town  in  condition  for 
sleighing. 
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AMa^o=Bosvtt    ""Crusader 

A  l"i"U-l',(  )ATlX(i,  so  popular  in  lui- 
•**•  rope  and  the  East,  has  invaded  the 
West ;  and  Theodore  W'iese,  of  the  Chi- 
cago Power  Boat  Cluh,  has  come  to  the 
front  with  the  smallest  and  most  unicpie 
craft  of  the  kind  yet  constructed. 
Mr.  Wiese's  boat  is  of  his  own  design. 
1-ew  would  have  the  temerity  to  riile  in 
it,  for  it  apparently  possesses  every  ele- 
ment of  danger  that  c<nild  be  com- 
pounded in  one  small  craft;  yet  the  de- 
signer declares  his  boat  absolutely  safe, 
and  apparently  has  proved  his  declara- 
tions. The  boat  ma<le  its  debut  in  a  race 
at  Oshkosh,  Wis.,  and  in  consequence 
was  named  the  Oshkoshlcy.  It  has  since, 
however,  been  rechristened,  and  is  ikjw 
called  the  Crusader. 

The  craft  is  but  28  feet  long,  yet  it 
<lefeated  two  42-footers  in  the  prelimi- 
nary Oshkosh  race.  It  is  built  of  half- 
inch  cedar  planking  without  metal 
sheathing.  The  boat  is  taj)ering.  averag- 
i'lS"  3'-  feet  beam.  It  has  a  flat  bottom, 
flat  stern,  and  8-inch  keel,  and  is  made 
entirely  of  wood.  The  gasoline  engine 
by  which  it  is  propelled,  is  exceedingly 
light.  It  is  this  gasoline  engine,  Mr. 
Wiese  asserts,  that  enables  him  to  defy 
the  waves  of  Lake  Michigan  in  a  "shell" 
which  olfl-time  seamen  could  not  be  in- 
duced to  board.  Yet  Mr.  Wiese  has  had 
the  temerity  to  venture  in  his  launch  on 
the  treacherous  waters  of  Lake  Michigan, 
in  long  cruises  anrl  running  at  a  high 
speed,    lie  says: 

''When  I  had  completed  the  Crusader,  I 
gave  it  a  thorough  test  on  the  small  lakes  in 
the  vicinity  of  Oshkosh,  before  taking  a  spin 
on  Lake  Michigan.  I  would  not  venture  far 
from  shore  in  my  preliminary  trials,  but  gradu- 
ally found  that  I  could  manage  the  boat  in  al- 
most any  kind  of  sea,  although  the  conditions 
of  the  inland  lakes  in  the  vicinity  of  Oshkosh 
are  nothing  like  tho.se  of  Lake  Michigan.     I 


was  thoroughly  frightened  during  my  first  trial 
on  the  big  lake.     However,  rics|. 
of  my  friends,  who  calU-ii  u  :i 
ture,  I  put  out  to  sea  from  tlic  Sturncon  r..i> 
canal,  steering   for   Cliicago;  and,  turning  on 
full  power,  which  averages  16  miles  an  hour, 
I    went   directly   east.     The   waves,    I    '" 
would  swalb-w  me  every  minute,  but  i 
boat  stood  the  test. 

"The    second    day   of    the    tri|).    my    friends 
became  ill  and  refused  to  continue,  so  1   had 


Alto-Boat  "Cklsader." 

to  complete  the  journey  alone.  It  took  two 
days  to  make  the  trip.  Hefore  the  journey's 
en<l,  the  sea  became  so  hinh  that  I  had  to  put 
in  at  W'aiikegan  for  a  short  rest.  However,  I 
resumed  the  cruise  while  the  sea  was  still  rag- 
ing: and,  heading  for  Chicago,  arrived  at  Ran- 
dolph street,  drenched,  with  6  inches  of  water 
in  the  boat,  but  triumphant. " 

Mr.  Wiese,  who  is  a  pioneer  auto-boat 
enthusiast,  was  one  of  the  organizers  of 
the  first  power  boat  club  in  the  West.  He 
believes  tlvit  the  new  sport  will  super- 
.sede  Nachting  in  interest,  and  in  time  will 
be  on  the  water  what  automobiling  is 
on  Ian<I.  The  automobile,  he  says, 
crowded  out  carriages  and  bicycles,  and 
the  auto-boat  will  have  the  same  effect 
on  the  yacht. 

There  is  one  feature  of  auto-boating 
that  surpasses  automobiling,  and  that  is 
the  fact  that  there  is  no  rlust.  The  air 
is  invigorating,  and  the  disagreeable  feat- 
ures of  dodging  other  vehicles,  people, 
and  animals  are  eliminated. 


Number  Sixteen— Strength  of  Boilers 


TIII-^  frequcncv  with  which  we  read 
of  serious  boiler  explosions 
l)rinj:;^s  home  to  us  the  necessity 
of  makings  steam  generators  very- 
strung.  People  living  and  doing  busi- 
ness in  a  large  city  do  not  realize  that  in 
the  basement  of  many  a  building  there 
is  but  a  thin  covering  over  steam  and 
hut  water  having  sufficient  energy  to 
blow  to  pieces  the  entire  building. 

Usually,  when  a  boiler  explodes,  there 
is  considerable  loss  of  property,  and  fre- 
quently loss  of  life.  The  various  state 
governments  are  trying  to  reduce  the 
number  of  these  accidents  by  providing 
frequent  inspection,  and  by  allowing  only 
men  of  knowledge  and  ability  to  have 
charge  of  boilers.  These  methods  are 
of  great  benefit,  and  have  already  shown 
the  practicability  of  the  laws.  If  politics 
do  not  prevent  honest  action,  and  if  the 
examiners  are  men  of  integrity  and  are 
qualified,  the  number  of  boiler  explosions 
w'\\\  continue  to  diminish. 

bi  all  types  of  boilers,  the  cylinder  is  the 
form  most  used.  In  horiKontal  and  vertical 
multitubular  boilers,  and  in  the  locomotive 
boiler,  the  shell  is  cylindrical,  and  the  tubes  are 
small  cylinders.  In  the  various  water-tube 
boilers,  the  steam  and  water  drums  are  cylin- 
drical, although  of  much  smaller  diameter 
than  the  shells  of  multitubular  boilers.  Thus 
we  see  that  to  discuss  the  strength  of  boilers 
we  must  consider  the  strength  of  cylinders — • 
that  is.  see  what  the  shape  has  to  do  with  the 
strength. 

Internal  Pressure 

It  is  a  well-known  fact  that  liquids  and 
pases  exert  pressure  equally  in  all  directions ; 
that  is.  if  a  vessel  is  filled  with  a  liquid  or  a 
gas.  there  will  be  the  same  intensity  of  pressure 
on  a  square  inch  at  the  top  as  on  a  square  inch 
at  the  bottom.  As  a  steam  boiler  is  filled  with 
a  liquid  and  a  gas  (steam)  under  pressure, 
the  pressure  is  the  same  on  every  square  inch. 
The  pressure  on  any  given  square  inch  of  the 
steam  space  is  the  same  as  that  on  any  square 


inch  of  the  water  space.  This,  however,  is  not 
strictly  true,  for  if  the  weight  of  water  is  con- 
sidered, the  pressure  at  the  bottom  is  a  little 
greater  than  at  the  top ;  but,  as  this  is  very 
small,  it  is  not  allowed  for. 

In  most  boilers,  the  pressure  of  steam  within 
is  far  in  excess  of  the  pressure  outside — usually 
from  four  to  twelve  times  as  great.  This 
pressure  tends  to  burst  the  shell-plate :  and,  to 
prevent  this,  the  plates  must  be  very  strong 
and  reliable. 

Testing  Material 

Before  discussing  the  subject  further,  let  us 
find  out  how  the  actual  strength  of  the  boiler 
metal  is  determined.  A  little  thought  shows  us 
that  the  metal  shell  gives  way  by  being  torn, 
and  that  the  force  acting  is  a  pull,  not  a 
shearing  nor  a  compressing  stress.  The  force 
that  holds  the  particles  together  and  resists 
this  pull  is  called  fcnsile  strength.  If  it  takes 
60,000  pounds  to  pull  apart  a  bar  of  iron  one 
square  inch  in  cross-section,  that  bar  has  a 
tensile  strength  of  60,000. 

To  find  out  how  much  a  given  piece  of  boiler 
plate  will  stand — that  is,  to  find  its  tensile 
strength — a  sample  strip  is  placed  in  a  machine 
and  broken ;  while  tearing  it  apart,  the  machine 
records  the  force  in  pounds.  This  can  easily 
be  reduced  to  per  square  inch. 

Derivation  of  Formulae 

In  order  to  discuss  the  necessary  thickness 
for  a  boiler-plate,  it  is  usual  to  divide  the 
internal  strains  (pressure)  into  two  classes: — 
those  which  tend  to  rupture  the  boiler  longi- 
tudinally, and  those  which  tend  to  rupture  it 
circumferentially.  It  can  be  shown  that  a  cyl- 
inder is  twice  as  strong  circumferentially  as  it 
is  longitudinally ;  therefore,  as  the  boiler  sel- 
dom if  ever  fails  circumferentially,  we  need 
not  consider  this  class. 

Let  us  suppose  a  plane  is  passed  through  the 
center  line  of  the  boiler.  It  will  divide  the 
cylinder  into  two  equal  parts,  and  cut  the  shell- 
plates  at  the  two  sides.  It  may  easily  be 
proved  that  the  pressure  acting  on  the  curved 
(concave)  surface  is  equal  to  that  acting  on 
the  plane  passed  through  the  boiler.  This  is 
indicated  by  the  small  arrows  of  the  second 
figure. 

Then  the  pressure,  or  force,  tending  to  lift 
the  upper  half  of  the  boiler  from  the  lower  half 
is  evidently  the  Area  of  this  plane  (in  square 
inches)   multiplied  by  the  Steam  Pressure   (in 
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STRENGTH  or  BOILERS 


PLANE   PASSED    LONGITUDINALLY 
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FORMULAS    TO    USE 


For   Pressure 


p,2t4^ 


For  Thickness 
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*  *  ZSE 

_  6X60X125 
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"^0(nearl^ 
PLATE -J^    inch  thick. 


pounds   per  square    iticli).     This   may   be  ex- 
pressed as : 

L  X  D  X  P,or  PLD, 
\i  P  "^  the  steam   prcs-;ure  per  square  inch  : 
L  =  the  lengtli  of  the  boiler  in  inches ;  and  D 
'^  the  diameter  in  inches. 

The  sketch  on  tlic  blackboard  shows  that 
the  metal  which  furnislies  the  strength  to  resist 
rupture  is  composed  of  two  strips  having  a 
length  L,  and  a  tliickness  /.  Tlien  tlie  area  of 
resisting  metal  may  l>e  represented  by  the  ex- 
pression 2tL;  and  if  S  =  the  tensile  strength 
of  the  metal  in  pounds  per  square  inch,  the 
formula  for  strength  is 

21  LS. 

Now.  at  the  moment  of  faihire,  the  force 
and  resistance  arc  equal ;  therefore 

PLD  =  2  t  LS; 
PD  =  Z(  S; 

2/5 


P  = 


D    ■ 
PD 


or,  t  —  ^2  S  ' 

If,  now.  we  let  E  =  the  efficiency  of  the  riv- 
eted joint  (that  is',  the  percentage  of  the 
strength  of  the  joint  compared  with  the 
strength  of  the  solid  plate),  and  F  =  the  factor 
of  safety,*  the  formulae  become : 


'XoTE. — In  usin);  enpinecring  materials,  it  is  cus- 
tomary to  make  the  machine  4  to  lo  times  as  strong 
as  is  necessary  by  the  calculation;  this  to_  allow  for 
imperfect  metal  and  workmanship.  This  ratio  is  called 
the   "factor  of  safety." 


P  = 


2t  SE 

i-n  • 


ind  t  = 


PD  J' 

2  SE 


of 


An    Example 

Let    us    now    calculate    the    thickness 
boiler-shell  for  a  practical  case: 

Suppose  the  boikr  to  be  60  inches  in  diame- 
ter, and  of  boiler-plate  having  a  tensile  strength 
of  3X.000  pounds.  The  joint  has  an  efficiency 
of  .65.  and  a  factor  of  safety  of  6  is  allowed, 
should  be  the  thickness  of  the  shell- 
if  the  pressure  is  to  be  125  pounds? 

PDP . 


What 
plates 


t  = 


/  = 


2SE' 
6  X  60 


X  125. 


.65' 


2  X  SH.fKX)  X 
=  .60  (nearly); 
=   I  inch  (nearly). 

Now  let  us  find  the  allowable  pressure  for  a 
steam  ilrum  for  a  water-tube  boiler.  Assume  a 
tensile  strength  of  60.000  pounds,  a  factor  of 
safety  of  5.  an  efficiency  of  .60  for  the  joint, 
and  the  plate  M  inch  in  thickness.  The  diame- 
ter is  3  feet. 

2  /  SE. 


P  = 


P  = 


FD 

2  X  J 


X  60.000  X  .60 


:3H 


5  X 
=  100  jK'unds. 

By  means  of  the  two  formul?e  given  on  the 
blackboard,  any  problem  involving  thickness 
or  allowable  pressure  can  readily  be  solved. 


A  Strong  Resemblance 

FoN'D  YoL"N(i  r^loTHER  (ii'itli  first-bom) : 
Now,  which  of  us  do  yon  think  he  is  like? 

Friend  (judicially):  Well,  of  course,  intelli- 
gence has  not  really  dawned  in  his  countenance 
yet,  but  he's  wonderfully  like  both  of  j'ou ! — 
Punch. 


Directions  for  Use 

The  inventor  of  a  new-  feeding-bottle  for 
infants  sent  out  the  following  among  his  di- 
rections  for  using: 

"When  the  baby  is  done  drinking,  it  must  be 
unscrewed  and  laid  in  a  cool  place  under  the 
hydrant.  If  the  baby  does  not  thrive  on  fresh 
milk,  it  should  be  boiled." — Collier's  Weekly. 


In  Woman's  Lexicon 

"MAM^rA,  what  is  a  spinster?" 

■'A  spinster,  my  dear,  is  a  woman  to  be 
envied.  But  don't  tell  your  father  I  said  so." — 
Brozi-ning's  Magazine. 


He  Didn't  Mind 

A  CERTAIN  railway  in  Michigan  has  a  station 
entitled  Sawyer's  Mills,  but  usually  called,  for 

short,  Sawyer. 

A  rural  couple  on  one 
of    the    trains    attracted 
much   attention   by   their 
r!\r   jj!%^^y^'\  ^      evident      fondness      for 
.^  ^V^-l%tv"-J      ^^^^^     other,     until     the 
^      ""  ■'     brakeman  thrust  his  head 

in  the  doorway  of  the 
car  and  called  out  "Saw- 
yer! Saw-yer!" 

'"Reuben"  suddenly  as- 
sumed the  perpendicular, 
and      indignantly      ex- 
claimed.   "Well,   I    don't 
we've    been    engaged   three 


care    if 
weeks." 


did; 


Not  Negotiable 

There  was  once  in  a  North  Carolina  court 
a  case  that  has  gone  down  as  history  in  the 
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judicial  annals  of  the  State.  It  appears  that 
a  debtor  named  Jenkins,  when  solicited  to 
close  an  old  open  account  by  note,  agreed  to 
do  so,  provided  he  should  be  allowed  to  draft 
the  instrument.  This  was  granted  him ;  w^here- 
upon  he  presented  the  creditor  with  the  follow- 
ing: 

"I,  Samuel  Jenkins,  agree  to  pay  John  Hug- 
gins  $200  whenever  convenient;  but  it  is  under- 
stood that  said  Jenkins   is  not  to  be  pushed. 

Witness  my  hand  and  seal   this  day  of 

.    Samuel  Jenkins." — Harper's  Weekly. 


Not  on  Her  Life 

An  Irish  woman  walked  into  a  large 
department  store.  The  floor-waHcer, 
who  was  very  bow-legged,  asked 
her  what  he  could  do  for  her.  She 
told  him  that  she  would  like  to  look 
at  the  handkerchiefs  that  were  adver- 
tised, y 

"Just  walk  this  way,  ma'am,"  said 
the  floor-walker. 

The  woman  looked  at  his  legs. 

"Xo,  sir,"  indignantlv  replied  the 
old  lady;  "I'll  die  f^rst." 


Sure  to  Come 

"Do  you  place  any  reliance  on  the  w^eather 
predictions  ?" 

"Yes,"  answered  Farmer  Corntassel.  "I  alius 
give  'em  credit  fer  one  thing.  The  weather 
mentioned  is  always  produced  sooner  or  later, 
although  the  dates  aren't  always  strictly  ac- 
curate."— WashingtCK  Star. 


Dead-Game 

At  a  dinner  one  day.  some  men  were  dis- 
cussing the  merits  of  different  species  of  game 
as  articles  of  food.  "Well,  Frank."  said  one 
of  the  men  during  a  lull  in  the  conversation, 
turning  to  the  waiter  at  his  elbow,  "what  kind 
of   game   do   you   like   best?" 

"Well,  :Massa,  to  tell  you  the  trufe,  almost 
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any  kind  of  gamc'Il  suit  mc,  but  what   I   like 
hot  is  an  American  eagle  served  on  a  silver 

.Inllar."— A//V. 

Left  to  His  Imatfinatiun 

A  MAN  dictating  a  letter  to  another  man 
with  whom  he  (iitarreied,  wrote  tluis  : 

"Owing  to  the  fact  that  my  stenographer  is 
a  lady,  I  cannot  say  to  yon  what  1  tliink  of 
yon  ;  and,  as  I  am  a  gentleman.  I  would  not. 
Hut  yon.  being  neither,  can  readily  guess  what 
IS  in  my  mind." 


Superseded 

Fokek.nek:  riie  eagle  is 
your  natii)nal  bird,  isn't  it? 

Native  :  Oh,  that  was 
some  time  ago.  Now  it's 
the  stork. — Life. 


Welcome 

"Oh,  Uncle,  I'm  so  glad  you've  called. 
Baby's  so  cross,  and  it  always  amuses  him  and 
makes  him  laugh  when  he  sees  you !" — Punch. 


Had  Faith  in  the  Doctor 

A  vou.N'G  English  laborer  went  to  the  reg- 
ister's ofhce  to  record  his  father's  death.  The 
register  a>kcd  the  <Iate  of  death. 

"Well,  father  ain't  deail  yet,"  was  the  reply ; 
"but  he  Zi'ill  be  dead  before  m<jrning,  and  I 
thought  it  would  save  me  another  trip  if  you 
would  put  it  down  now." 

"Oh,  that  won't  do  at  all,"  said  the  register. 
"Why,  your  father  may  be  well  before  morn- 
ing. 

"Ah,  no,  he  won't."  said  the  young  laborer. 
"Our  doctor  says  he  won't,  and  he  knows  what 
he's  given  father." 


In 
newlv 


thing 
Eden 
tiscr. 


Needs  Bread  the  Worst  Way 

s  reported  that  one  of  Harvey's  fastidious 

married   ladies  kneads  bread   with   her 

gloves  on.     The  incident 

1  5~-  may    be     somewhat    pc- 

■^  <^^/r~       culiar     but     there     arc 

others. 

"The  editor  of  this 
paper  needs  bread  with 
his  shoes  on,  he  needs 
bread  with  his  shirt  on. 
and  he  needs  bread  with 
his  pants  on,  and  unless 
some  of  the  delinquent 
subscribers  of  this  old 
'rag  of  Freedom'  pay  up 
before  long,  he  will  need 

bread    without   a   

on.  and  North   Dakota  is  no  garden  of 
in  the  winter  time." — Fcsscnden  Adzcr- 


Liked  Her  Cheek 

Gracve:     Maude  asked  George  to  kiss  her. 

Glauvs:     Well,  I  like  her 
cheek!  _^ 

"So  did  Cieorge." — Louis-  y?*"^ 

I'illc  Coui i,-i-/,mi  ihil.  ,*  ^ 


Looked  Like  It 

.\  l.AliV  and  her  little 
daughter  were  walking 
thrmigh  a  fashionable  street, 
when  they  came  to  a  por- 
tion of  the  street  strewn  with  straw  so  as  to 
deaden  the  noise  of  vehicles  passing  a  certain 
house. 

"What's  that  for.  Ma?"  said  the  chihl.  to 
which  the  mother  replied.  "The  lady  who  lives 
in  that  house,  my  dear,  lias  had  a  little  baby 
girl  sent  her."  The  child  thought  a  moment, 
looked  at  the  quantity  of  straw,  and  said : 
".Awfully  well  packed,  wasn't  she.  Ma?" — 
Life. 


On  Which  Side 

Mr.  Rinkpate:  Part  my  hair  in  the  middle, 
please. 

The  Barber:  But  there  is  an  odd  number, 
sir. — Clc'claitd   Leader. 


Head  of  the  Family 

"It  has  come  to  my  ears  that  you  are  calling 
me  "the  governor,'"  said  t!ie  old  man,  sternly. 
"Are  you?" 

"I  might  as  well  ailmit  it."  said  the  young 
man,  contritely. 

"Von  ought,"  continued  the  old  gentleman, 
"you  ought  to  have  more  respect  for  your 
mother." — Cinciiniali  Hiiquircr. 


Darkey  Wit  and  Wisdom. 

Worry  is  a  weariness  er  de  flesh ;  en  yit, 
some  folks  hunt  fer  it  lak'  dey  wuz  lookin'  fcr 
a  gold  mine. 

It's  a  good  idea  fer  folks  ter  'member  dat 
de  higher  dey  climbs,  de  furder  dey  has  ter 
fall — ef  ever  dey  comes  tumblin'. 

De  worl'  is  always  sayin'  good  things  ter 
you ;  but  some  er  us  is  so  deaf  wc  can't  hear 
de  angels  sing. 

One  thing  mu.s*  be  said  in  favor  er  Satan : 
he's  always  busy  w'en  de  sinners  is  takin' 
holiday. 

'W  p.rRNT  chile  dreads  de  fire."  said  Uncle 
Eben,  "but  de  man  dat  done  los'  his  money  on 
a  boss  race  goes  aroun'  lookin'  fob  another 
tip." 


ILifelboat 

A  \'ERY  efficient  lifeboat  has  been  in- 
*^  vC'iited  by  Captain  Engelhardt,  of 
Ci)i)oniiai,''en,  Denmark,  combining'  the 
advantage  of  an  extremely  great  carrying 
capacity  with  that  of  small  dimensions. 
Even  if  seriously  damaged,  it  is  unsink- 
able  with  its  proper  complement  of  pas- 
sengers on  board,  and,  on  the  other  hand, 
can  be  transported  readily  to  any  part  of 
the  ship  and  launched  without  davits. 
In  case  of  the  time  not  allowing  of  lower- 
ing the  boat,  the  lashings  need  only  be 
cut,  when,  as  soon  as  the  ship  has  sunk, 
the  boats  will  be  found  floating  on  the 
water  like  rafts  so  as  to  be  easily  acces- 
sible to  passengers  swimming  or  drifting 
about.  Two  men  or  even  boys  can  at  a 
moment's  notice  extend  the  size  of  the 
boat  by  simply  lifting  in  the  cross-beams, 
and  thus  converting  the  boat-shaped  raft 


into  a  lifeboat  containing  oars,  water 
tanks,  food,  etc.  The  boat  is  constructed 
on  the  following  principles  : 

1.  A  boat-shaped  pontoon,  strongly  con- 
structed of  wood  or  iron,  is  filled  up  with 
capoc,  in  water-tight  cushions,  which  are  in 
turn  placed  in  water-tight  compartments. 
Capoc,  resembling  fine  cotton,  is  a  product  of 
plants  grown  in  Java  and  Sumatra,  and  com- 
bines the  greatest  floating  capacity  with  a  mini- 
mum of  weight,  being  capable  of  sustaining  in 
water  from  30  to  35  times  its  own  weight. 

2.  A  superstructure  is  used  which  can  be 
folded  down  or  erected,  the  whole  being  sur- 
rounded by  a  fender  that  is  also  fitted  with 
water-tight  cushions  of  capoc.  On  extending 
the  boat,  the  oars  will  be  released ;  an  oval- 
shaped  thwart  supplied  with  cross  thwarts  will 
slide  in  position ;  while  stanchions  and  other 
parts  will  drop  into  their  places  automatically. 
The  mechanism  is  very  simple  and  not  easily 
put  out  of  order. 

The  boat  has  stood  the  most  exhaustive 
tests  by  English  and  American  author- 
ities. ^^'hile  hanging  under  davits,  men 
have  been  crowded  into  it,  and  its  sta- 
bilitv  has  been  tried  on  the  United  States 


Fig.  1. 


Fig.  2. 


ENGELHARDT  COLLAPSIBLE  LIFEBOAT. 

Fig.  1.     A  -M-foot  boat  expanded.-Fig    2.    Testing  stability;  same  boat  with  22  men  aboard.-This  boat  permitted  by 

Danish  Board  of  Inspectors  to  carry  30  men ;  by  American  Board,  35  men. 

C522) 


SCIEXCE   A.\'D   IXl'EXTION 


523 


l)attloship  Illinois  in  open  sea  during,'  an 
cij^dit  months"  cruise  in  the  Mediter- 
ranean. In  the  lioston  Xavv  Yard,  a 
boat  of  thi>  t}  pe  was  (h'opped  into  the  sea 
from  a  heij^lu  of  2^  feet  without  heinj;^ 
injured  in  any  way.  and  without  the  me- 
chanism beings  put  out  of  order.  Ameri- 
can mihtary  experts  have  examined  and 
tested  the  boat,  ami  have  reported  favor- 
al»ly  upon  it  for  mihtary  ]niri)oses.  ^  In 
their  opinion  the  boats  are  highly  suit- 
able for  use  as  pontoons  in  bridi^e-build- 
ing  and  ior  landinp^  men  and  tjuns.  As 
a  2^)-foot  boat  loacled  with  S.500  pounds 
draws  only  ten  inches,  it  is  capable  of 
runnincT  into  very  shallow  water :  and 
even  if  it  should  be  hit  by  shots,  it 
Would  lose  only  a  very  small  percentage 
of  its  buoyancy,  while  an  ordinary  pon- 
toon or  boat  would  till  and  sink.  The  car- 
rying" capacity  is  calculated  only  on  the 
buoyant  layer,  while  the  erectable  sides, 
strongly  constructed  of  wood  and 
covered  with  strongly  impregnated  can- 
vas, are  intcmled  for  the  protection  of 
passengers  and  for  atTording  sitting  ac- 
commodation. The  boat  will  not  capsize 
however  overcrowded  it  may  be,  and  it 
is  self-emptying. — Dr.  Alfri:d  CiRAni^.x- 

WITZ. 


ElecttricaU    t^peed 
Recordles" 

'T'HE  Monitor  Electrical  Speed  Re- 
*•  corder,  as  its  name  implies,  makes 
a  recfird  on  a  time-controlled  record  dial 
of  the  variations  of  speed  of  the  engine, 
machine,  log,  etc.,  as  the  case  may  be ; 
and  also,  ])y  pointer  and  dial,  it  shows 
the  si)eed  at  an\-  particular  moment. 

It  was  during  the  war  with  Spain  in 
1898  that  Mr.  t.  II.  McQuown  and  Mr. 
A.  \\'.  Jones,  who  are  students  of  the 
American  School  of  Correspondence,  first 
realized  the  necessity  for  such  a  device. 
At  that  time,  they  were  serving  as  en- 
gineers in  the  United  States  Xavy.  and 
found  it  difficult  to  keep  the  pilot-house 
always  informed  as  to  tlie  revolutions  of 
the  engines.  After  the  tennination  of  their 
service,  they  went  to  work  on  an  elec- 
trical indicator,  and  the  result  is  shown 
in  the  invention  herewith  illustrated. 
Both  men  are  members  of  the  manufact- 


uring firm  in  Cambridge.   .Mass.,  which 
is  putting  tlie  recorder  on  the  market. 

IJy  means  of  electric  wires  and  the 
right  circuit-closer,  the  one  recorder  may 
show  the  revolutions  of  the  engines  or 
the  si)eed  of  the  ship  in  knots  per  hour. 
\'<\  means  of  an  electric  circuit-closer  in 
coimection  with  an  anemometer,  the  re- 
corder will  show  wind  velocities,  acting 
the  same  as  it  d<H's  when  showing  the 
si)eed  of  an  engine.  The  inventors  point 
out  the  special  value  of  the  device  aroun<l 


MoMTOR  Electrical  Speed  Recorder. 

military  fortifications,  when  it  is  con- 
nected with  an  anemometer,  since  it  in- 
dicates the  velocity  of  the  wind  at  any 
moment,  an<l  this  is  needed  at  the  time 
of  firing  in  order  that  the  ])ro])cr  allow- 
ance in  the  training  of  the  gun  may  be 
determined. 

The  only  attention  required  for  the  re- 
corder, is  winding  the  clockwork  once 
a  week,  and  filling  the  pen  once  a  day. 
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The  inventors  also  have  a  device  which 
is  connected  to  the  same  circnit  with  the 
machine  in  the  pilot-house,  and  when 
the  sipfnal  is  given  by  the  pilot  to  go 
ahead  or  astern,  a  hand  immediately 
points  to  "Ahead"  or  "Astern"  when  the 
ensrines  he^^ri"  turning  over. 


chine  has  a  capacity  for  addressing  24,- 
000  papers  per  hour. 

The  printing  is  done  on  an  impression 
cylinder,  over  which  the  web  runs,  by 
the  printing  wheel,  the  latter  having  four 
slug-holders  in  its  periphery.  This  print- 
ing wheel  operates  intermittently  instead 


HUNKINS  AUTOMATIC  ADDRESSING  MACHINE. 


Aiitomniatic    Addliressimi^ 

Press 

'T'HE  accompanying  illustration  shows 
*•  a  new  form  of  automatic  newspaper 
addressing  press  recently  invented  by  Air. 
A.  B.  Hunkins.  This  machine  is  attached 
to  the  printing  press, and  prints  name  and 
address  on  the  web  of  the  paper  before 
it  enters  the  folder.  It  is  geared  in  such 
a  way  with  the  press  that  it  prints  the 
names  and  addresses  at  intervals,  so  that 
they  appear  just  above  the  heading  on 
each  paper.  This  device  uses  linotype 
slugs  made  in  type-setting  machines, 
which  are  now  in  general  use  in  news- 
paper offices.  Automatically  it  takes  one 
of  these  slugs  from  the  storage  galley ; 
inserts  it  in  the  printing  wheel :  and, 
after  the  printing,  returns  the  slug  to 
the  galley.  It  requires  the  attention  of 
but  one  operator,  who  sets  the  galleys  on 
the  machine,  and  who  removes  them  after 
all  the  slugs  have  been  used.    The  ma- 


of  continuously ;  and  during  its  period  of 
rest,  a  new  slug  is  inserted  in  the  type- 
holder,  the  used  slug  being  automatically 
ejected. 

The  machine  illustrated  is  of  the  "Uni- 
versal" type,  comprising  really  two  ma- 
chines, one  or  both  of  w^hich  may  be 
operated  at  once.  When  two  small-sized 
papers  are  being  printed  at  each  revolu- 
tion of  the  press,  both  type-wheels  are 
in  operation;  but,  by  a  change  requiring 
from  two  to  three  minutes,  one  side  of 
the  machine  can  be  detached,  and  large 
papers  of  the  full  capacity  of  the  press 
can  then  be  addressed. 

This  machine  promises  to  fill  an  im- 
portant need  in  newspaper  work.  Be- 
cause of  the  want  of  rapid  addressing 
devices,  the  mailing  departments  have 
usually  fallen  behind  all  others  in  effi- 
ciency. The  Hunkins  addressing  press 
can  be  attached  to  any  style  of  perfect- 
ing press,  and  will  save  much  money  and 
valuable  time  to  the  large  newspaper. 
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A  Re-'ieiu  of  ArticU-s  of  Sptxial  Intt-nst  Appeitrint^  in  / 


Making  of  a  Railway  Man 

Ix  a  jiajjcr  road  before  the  Iowa  Rail- 
way Clul).  Jaiuiary  9.  1905.  and  inihlislied 
in  the  Railway  and  Iin^i^inccriiti^  Rcriczi' 
(April  1).  J.  M.  Shipley  describes  the 
"Making  of  a  Railway  Man.  "  There  is 
perhaps  no  fjreater  field  to  show  the  cai)a- 
city  of  man  than  the  .q;reat  railway  sys- 
tems of  to-day,  comprisinu^  as  they  do  the 
hnance,  legal,  traffic,  operating,  mechani- 
cal, maintenance,  and  electrical  de- 
j)artments  —  in  fact,  everything  that 
goes  to  demonstrate  American  in- 
gennity  and  energy.  The  wonderful 
develo])ment  of  railway  lines  in  the  Uni- 
ted States  in  the  past  forty  years,  is 
ample  proof  of  what  the  railroad  man  is. 

There  are  two  types  of  successful  rail- 
road men — those  who  have  acquired  their 
knowledge  from  theory,  and  those  who 
have  acquired  their  knowledge  from 
practice.  As  to  which  is  the  most  suc- 
cessful, it  is  largely  a  question  ;  but  both 
are  necessary,  and  they  should  profit  fnjm 
each  other's  knowledge. 

The  successful  railroad  man.  in  the 
essayist's  opinion,  is  the  one  who  nearest 
reaches  perfection  in  his  sphere,  be  it 
high  or  low.  In  order  to  attain  perfec- 
tion, several  qualifications  are  necessary, 
of  which  the  princii)al  one  is  the  ability 
to  do  things.  We  fre(|uently  find  such  a 
man  ;  no  matter  in  wliat  positioTi  he  may 
be  or  what  difficulties  surround  him.  he 
does  something  without  waiting  a  posi- 
tive order  from  his  superior.  Every  offi- 
cial is  looking  for  the  man  who  does 
things.  They  are  the  ones  who  are  en- 
titled to.  and  who  generally  do  receive, 
promotion,  notwithstanding  the  great 
stumbling  block,  seniority,  for  which 
every  ambitious  man  has  a  loathing. 

Subordination  is  another  factor,  which 
must  be  practiced  by  the  official  as  well 
as  the  employee,  and  is  one  of  the  strong 
points  in  the  making  of  the  railroad  man. 
The  official  receives  instructions  from  his 
superior,  which  must  be  carried  out.    We 


often  find  in  the  ranks  men  who  receive 
orders  to  do  certain  work,  but  who  seem 
to  take  delight  in  seeing  how  far  they 
can  go  toward  refusing  to  do  it,  and  who 
in  some  cases  actually  refuse  to  follow 
instructions.  Without  discipline,  there 
would  be  no  good  railroad  men.  All 
good  railroad  men  make  mistakes.  It  is 
only  the  poorest  kind  who  claim  they  are 
always  right.  Economy  must  be  prac- 
ticed by  all  who  succeed.  It  is  one  of 
the  necessary  qualifications,  and  is  becom- 
ing more  and  more  essential.  A  great 
many  men  in  railroad  service  fail  to 
realize  that  the  company  has  to  pay  for 
everything,  and  that  paper,  pens,  pencils, 
etc.,  are  not  for  the  ])urpose  of  free  dis- 
tribution among  their  friends. 

There  was  never  a  successful  railroad 
man  who  did  not  possess  the  characteris- 
tics of  liitiiiaiiity,  ambition,  perseverance, 
honor,  and  a  whole  lot  of  good  common 
sense,  Humanity  is  one  of  the  indirect 
qualities,  and  the  official  who  is  totally 
lacking  in  this  will  never  l)e  able  to  get 
the  best  results  from  his  men.  A  touch 
of  fellow'-feeling  for  your  men  is  but  oil- 
ing the  human  machinery  of  the  system. 
Ambition  is  that  soul-stirring  desire  to 
do  better,  which  renews  strength  of  body 
and  mind,  making  life  and  work  worth 
while.  The  man  who  strives  for  nothing 
better  generally  gets  nothing  better,  and 
we  see  him  year  after  year  plodding  away 
at  the  same  old  place.  The  ambitious 
man  is  not  troul)led  with  the  proposition 
of  seeing  how  little  he  can  do,  but  how 
best  to  accomplish  the  greatest  amount 
of  work  he  sees  to  be  done. 

Perseverance  is  jirobably  the  most  im- 
I)ortant  factor  of  success.  A  person  may 
be  endowed  with  the  greatest  of  genius 
and  natural  ability,  and  fortune  may  fa- 
vor him  with  the  best  of  opportunities; 
but  without  perseverance,  all  these  ad- 
vantages are  naught.  The  personnel  of 
every  railway  system  is  largely  composed 
of  men  who  by  their  perseverance  have 
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proven  their  al)ility  and  ri^c:lit  to  bo  rccog:- 
nizeil  as  successful  railroad  nun. 

As  to  honor,  it  is  to  be  regretted  that 
>o  little  honor  enters  into  the  principles 
of  railways  and  their  men,  both  individ- 
ually and  as  corporations.  There  should 
be  an  existing  bond  of  honor  between  the 
official  and  the  employee,  and  among  the 
emj^loyees  themselves. 


Theft  of  Current:    How  to  Detect, 
Prosecute,  and  Prevent 

The  article  on  the  above  subject,  by 
Mr,  J.  H.  Hallberg  in  the  Electrical 
World  and  Eiii^iiiccr  (April  29)  states 
that,  of  the  unaccounted-for  current  lost 
in  the  distribution  of  electrical  energy  by 
central  stations,  the  greater  part  can 
safely  be  attributed  to  theft.  The  Man- 
ager or  General  Superintendent  should 
look  to  the  following  departments  for  re- 
ports and  information  on  which  to  base 
investigation  of  general  loss  and  theft  of 
current:  Accounting.  ]\Ieter  Readers", 
Meter,  Inspectors'.  Lamp  Renewal,  Serv- 
ice, and  Distribution. 

The  Accounting  Department  should  be 
instructed  to  report  any  unusual  varia- 
tions in  customers'  monthly  bills,  so  that 
the  manager  may  send  an  inspector  to 
investigate  quietly  the  condition  of  the 
meter  and  to  ascertain  whether  or  not  a 
change  has  been  made  in  the  operation 
or  size  of  the  customer's  installation. 

The  Meter  Readers'  Department  must 
report  any  unu:ual  condition  of  the  com- 
pany's service  connection,  switches,  fuses, 
and  meters.  All  meter  readers  should  be 
instructed  to  report  suspicious  cases  at 
once,  and  not  ask  questions  on  the  cus- 
tomer's premises,  as  it  is  important  that 
no  evidence  be  destroyed  before  the  in- 
spector arrives  as  a  second  witness. 

The  !\Ieter  Department,  having  charge 
of  the  repair,  testing,  and  changing  of 
meters,  should  also  report  if  meters  or 
service  connections  show  that  they  have 
been  tampered  with  ;  and  the  records  of 
this  department  should  be  carefullv  kept, 
as  they  may  have  to  be  referred  to  in 
case  of  prosecution  of  a  customer. 

The  Inspectors  must  be  experts  on  all 
matters  pertaining  to  the  company's  dis- 
tribution system,  metering  of  current, 
and   general    wiring   of   buildings;    and 


they  should  be  men  selected  for  their 
honesty,  tact,  and  good  judgment.  The 
inspectors  can  be  used  to  good  advantage 
in  dealing  with  customers  who  "kick"* 
about  their  bills  and  service,  and  a  good 
insi)ector  is  valuable  to  any  company. 

The  records  of  the  Lamp  Renewal  De- 
partment are  of  considerable  importance 
to  the  manager  when  investigating  a  pos- 
sible case  of  theft  of  current.  There 
should  be  kept  in  this  department  a  sys- 
tem of  cards  which  will  indicate  the  num- 
ber of  lamp  renewals,  time  of  exchange, 
etc.,  for  each  customer.  Such  a  card 
system  forms  a  very  good  check  on  the 
current  consumption,  and  can  often  be 
advantageously  referred  to. 

The  Service  Department,  w^hich  installs 
the  company's  service  lines,  swatches, 
fuses,  and  meters,  must  report  any  un- 
usual methods  of  weiring  on  the  new  cus- 
tomer's premises.  The  Distribution  De- 
partment should  always  be  on  the  look- 
out for  grounds  and  "taps"  on  the  com- 
pany's lines,  and.  if  anything  appears  to- 
be  out  of  the  ordinary,  make  note  of  it 
for  future  reference. 

After  the  customer  is  suspected  of  tam- 
pering with  his  meter  and  current  supply, 
it  is  necessary  for  the  company  to  secure 
facts  in  regard  to  how  and  to  what  ex- 
tent he  is  defrauding  the  company.  A 
very  interesting  case,  wherein  a  customer 
was  defrauding  a  company  is  described, 
and  also  the  method  used  for  detecting- 
and  convicting  him. 

This  is  a  subject  which  is  just  begin- 
ning to  be  appreciated  by  average  electric 
lighting  corporations,  and  the  treatment 
of  it  given  by  Mr.  Hallberg  may  be  read 
with  much  profit. 


Steam  Consumption  as  Affected  by- 
Clearance  and  Compression 

Ix  The  Engineer  ( April  15).  C.  H. 
Benjamin  takes  up  this  subject  and  gives 
some  valuable  data  upon  it.  Up  to  the 
present  time  the  results  of  different  ex- 
perimenters along  this  line  have  varied 
widely.  For  instance,  experiments  in 
Belgium  and  Germany  have  show^n  a  loss 
in  efficiency  amounting  to  50  per  cent, 
with  heavy  compression.  C3n  the  other 
hand,  apparently  reliable  experiments  in 
this  country  have  shown  that  the  steam 
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$100  tr'  $500  First  Mortgage  Real  Estate  Gold  Bonds 
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1i  .1!  '-lllTn    3 


"the  stewart  apartment  building" 

Southeast  Corner  Sheridan  Road  and  Galt  Avenue,  Chicago 

we   own    and    offer    at    par  any    portion   of    the    entire    issue 

$65,000 

$100  AND  $500  6    GOLD  BONDS  Secured  by  First  Mortgage  on  the  Land  and 

"The  Ste>vart  Apartments" 

Date    of    Hondj.     March    9.    1905  Term,     One     to    FixJe    \>earj 


Location— Sovjthoast  Comer  Sheridan  Road  and 

GaH  Avenue,  Chicago,  tw<j  Mocks  south  .  f  the  Wilson 
Avuiiiie  st.ition  of  liic  NoilluvL-stein  "L."  and  one  block 
north  of  the  E%anston  electric  line. 

Land  ^  The  lot  has  a  frontaue  of  l:.''t  feet  on  Sheridan  Road 
anil  ll.'i  feet  on  Gait  Avenue. 

B\jlldlntf  —This  is  one  of  the  finest  apartment  houses  In  Chi- 
cago. The  buildint!  is  of  Bedford  Stone  to  tirst  story  window 
sill:  has  massive  carved  stone  entrances  and  stone  trim 
The  street  frontaues  and  all  outside  walls  are  of  impervious 
pressed  brick.  It  contains  twenty-one  apartments  of  five. 
six.  seven  and  citht  rooms  each.  The  parlors,  reception 
halls,  dinint-rooms  and  libraries  will  have  beam  ceilings. 
All  the  rooms  are  lartje  and  lisht.  The  vestibules  and  b.ith 
rooms  will  have  mosaic  floors :  marble  wainscoiins  and  steps 
in  vestibules.  The  dininerooins  will  be  e<iuipped  with 
sideboards,  china  closets  and  stein  cases.  The  trim  is  of 
selected  birch  and  No.  1  oak  throughout. 

This  is  one  of  the  choicest  corners  in  Sheridan  Park  and 
the  building  is  constructed  in  every  way  to  meet  the  re-iuire- 
ments  of  this  hiyh-class  location. 

Rental-  Our  estimate  of  the  rental  income  of  this  buildini;  is 
*l-..ViO  per  annum. 

R.edvictlon  of  Indebtedrvess— Two  *5(W  bonds  are  pay- 
able in  one  year,  and  earli  month  thereafter  three  IIOO  bonds 
will  be  paid,  until  the  end  of  five  years. 


Gviararvteed  Title — The  Chicac"  Title  and  Trust  Com- 
pany, (he  Trustee,  guarantees  these  bonds  to  be  a  first 
morti;:n:e  on  the  property,  and  so  states  in  its  certificate 
which  appears  on  each  bond. 

Fire  Ins\jrai\ce— We  hold  fire  insurance  on  this  building 
for  ^5,(HX',  payable  to  the  Trustee,  to  secure  the  bond- 
holder against  loss  by  fite. 

Collection  of  Interest— We  collect  the  interest  and  prin- 
cili.il  whin  due  and  remit  to  the  bondholders,  see  to  the  pay- 
ment of  taxes  and  renewal  of  insurance,  and  otherwise  act 
for  the  bondholders  without  charge. 

fO  The  buildine  is  a  handsome,  substantial  one 
Why  this  and  is  finished  with  first-class  materials. 

Is  a  (iood  (2)  The  building' w-ill  rent   readily  because  it  is 

Investment  located  in  oneof  the  most  desirable  residence 

districts. 

The  security  of  the  outstandinc  bonds  is  continually  increased 
by  the  monthly  installments  of  S300  paid  on  the  principal. 
The  buildiuK  is  new,  and  new  buildines  in  cood  localities 
always  rent  readily,  and  there  is  practically  no  depreciation 
in  new  property  for  the  first  five  years, 

Bonds  will  be  reserved  in  the  order  in  which  applications 
are  received.  We  deliver  them  at  our  risk  and  expense  any- 
where in  the  United  States  or  Canada.  Telegrams  may  bo 
sent  at  our  expense. 
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For  the  information  of  those  interested  in  buying  our  securities,  a  beautifully  illustrated  fourteen  page  booklet,  containing 
photographs  of  buildings  on  which  we  have  loaned  money,  a  sample  bond,  and  much  valuable  information  concerning  the 
Company,  its  personnel  and  manner  of  doing  business,  has  been  prepared  and  will  be  mailed  to  those  interested  on  application. 

JENNINGS   REAL   ESTATE    LOAN   COMPANY 


TELEPHONE 


Central       '. 
Automatic  > 


3550 


FIRST  NATIONAL  BANK  BUILDING.  CHICAGO 
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The  Steam  Plant  where  the 

AMERICAN  THOMPSON 
IMPROVED  INDICATOR 


with   the 


NEW  IMPROVED   DETENT  MOTION 

;■;  w^t<S  to  balance  the  ene'inet  is  the  one  which  is 
most  economically  operated.  This  instrument  en- 
ublos  you  to  reduce  yur  coal  bills  to  a  minim  am  by 
keepioe  your  engine  runninc  properly  at  all  times.  ''.  \  i 
cutting  off  any  waste  of  steam  which  would  otherwise 
take  place.  It  is  poor  economy  to  attempt  to  run  any 
kind  of  a  power  plant  without  an  indicator,  as  the  cost 
of  the  instrument  can  be  burned  up  by  waste  of  coal 
within  a  short  time. 


vith  THE  AMERICAN  THOMPSON  IM- 
PROVED INDICATOR  with  the  New  Improved 

Detent  Motion  it  is  possible  to  take  a  number  of 
cards  in  the  time  ordinarily  required  to  take  one. 

When  purchasing  an  Indicator  insist  upon  the 
AMERICAN  THOMPSON,  the  Original  Thompson 
Indicator.  Purchase  by  the  name  and  be  sure  you  get 
the  Original. 

Owinc  to  its  great  popularity  the  AMERICAN 
THOMPSON  has  been  copied  to  a  great  extent,  even  to 
the  name.  The  Original  has  our  name  engra%'ed  on 
the  side  of  the  instrument  as  follows : 


American  Steam  Gauge  and  Valve  Mfg.  Co. , 
J.  W.  Thompson,  Pat. 


Boston 


Special  prices  to  A.  S.  C.  students.    Catalogue  8T 
will  be  sent  gladly  on  request. 


American  Steam  Gauge 
and  Valve  Mfg.  Co. 

214  Camden  Street  Boston,  Mass. 


LEADING  CURRENT  ARTICLES- (Continued) 

consumption  was  affected  only  a  few  per 
cent  with  a  change  in  clearance  or  com- 
])rcssion  amounting  to  over  50  per  cent. 

The  present  article  gives  the  results  of 
experiments  made  on  an  Allis  Corliss 
engine  at  the  Case  School  of  Applied 
Science.  The  steam  consumption  was 
determined  by  means  of  a  surface  con- 
denser. The  clearance  was  varied  by  the 
simple  expedient  of  using  pistons  of  dif- 
ferent widths.  \\\\\\  the  piston  having  a 
5-inch  face,  the  clearance  was  4.674  per 
cent  for  the  head  end,  and  was  deter- 
mined by  water  measurement.  With  a 
piston  whose  face  was  2^  inches,  the 
clearance  was  over  8  per  cent.  Inter- 
mediate pistons  were  also  used. 

The  results  of  fourteen  separate  tests 
are  given  in  tabulated  form,  the  percent- 
age of  clearance  and  compression  being 
shown  for  each  test,  as  well  as  the  cut- 
off, M.  E.  P.,  I.  H.  P.,  and  water  con- 
sumption. The  results  show  a  slight 
variation  in  steam  consumption,  due  to 
increase  of  compression,  with  each  clear- 
ance. Compression  was  easily  regulated 
by  varying  the  lengths  of  the  exhaust 
links.  The  average  shows  an  increase  of 
only  2.4  per  cent  in  water  consumption 
for  an  increase  of  62  per  cent  in  the  clear- 
ance. 

As  a  result  of  the  test,  we  have  proof 
that  the  question  of  clearance  and  com- 
pression has  not  the  importance  which 
has  sometimes  been  assigned  to  it. 

New  Gasoline  Rock-Drill 

The  Engineering  Xeii's  (April  13) 
contains  a  description  of  a  new  rock-drill 
operated  by  gasoline,  which  promises 
great  success.  This  is  a  rock-drill  with 
a  portable  power  plant,  weighing  in  all 
400  lbs.,  and  requiring  not  more  than 
three  gallons  of  gasoline  per  lo-hour 
shift. 

The  general  appearance  of  the  drill  is 
much  the  same  as  that  of  the  common  air 
or  steam  drill.  The  piston  is  driven  by 
the  explosion  of  gasoline  in  the  cylinder, 
and  two  small  fly  wheels  store  up  power 
for  the  return  stroke.  A  hammer  blow 
is  struck  against  the  chuck  which  holds 
the  bit,  the  cutting  bit  being  constantly 
in  contact  with  the  face  of  the  rock,  ex- 
cept on  the  return  of  the  ram,  when  the 
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ADl'ERTISEMENTS 


fTHK    UNIVERSAL    FOUNTAIN    DRAUGHTING    PB:N> 


This  is  a  REAL  fountain  drawinir  pen.     \  .itee  ita  utility  not  to  bo  impaired  by  cloffRrinir,    In  onJ«r  to  convince 

till-  skeptical  we  send  it  on  approval.     Wriic  fur  circular  and  particulars. 

VSMITH  f^  STOKES  CO..  A  24-25  German  American  T^u^t  Co.  Rldt!..  PhilacUlphia.  Pa.' 


*-^ 


EYE    BENDERS 


We  make  luiiid  jhiwit  benilerii 
for  forminif  eyes  from  stock 
l'\  inch  thick  and  unMcr. 
Any  size  eye  7  inches  outaide 
diameter  ami  undi-r. 

WALLACE  SUPPLY  CO. 

(MI3  l.anlrn  I  llj  lllt>rk,        I  hirkro,  IM. 


Be  Your  Own  Boss! 

MANY    MAKE  $2,000.00   A   YEAR.     Y.u  huv«  the 

same  cbanc«>.  btart  .i  Mull  <  'rJer  IUi.-'lin-~ut  h"ine.  We  tell  ynu 
how.  Mone.v  comlritf  In  dully.  Knoriiiourt  pmlits.  Everything 
furnl!>ht'd.  Write  at  once  for"Ur"Start»'r"  and  t'HKEimrtlculiirs 

T.  KRLEQER  CO..  155  NNashinifton   Street,  Chlcaifo.  III. 


^KET  ELECTRIC 


SECOND-HAND 

MOTORS  orii'Mos 

We  carry  a  siocic  of  700MaohinO9m 

All  finished  like  new  and  fully  guaran- 
teed. Low  prices  and  immediate  delivery. 
Guarantee  Electric  Co..  Chicago 


20th  CENTURY  SOAP, 


a  riircly  vct'CtiiMe  oil  so.ip,  coDtainiiii;  no  lye.  liiit  rlcaiiiiu-  bv  the 
penctratioi;  nature  of  i(s  oils.  Good  for  enk'incers,  cleclrician*. 
chemists,  etc.,   it  thoroughly  removes  all   stains     siirh   ns  rust. 

grease  and  oil.  either  from  the  hands  or  cloihing,  without  injurim:  ia  the  slighlest.    Also  unsurpassed  as  a  DRILLING  SOAP. 

Fur  cle.TninL'  floors  and  walls,  especially  hard  wood,  it  is  invaluable.    Has  no  Cijual  for  nuloniobiles.    Docs  not  in  un-  the  polish. 

but  adds  to  the  luslie.     If  your  dealer  does  not  keep  it,  seud  us  his  name  and  aiidress  and  wc  will  send  jrou  a  Ur^o  cua  free. 


HOFFHEIMER    SOAP    COMPANY 


Eastern  Office,  No.  1  Madison  Square,  NEW  YORK. 


168  Ylsist  Jackson   Boulevard,  CHICAGO 


►  Which  Cyclopedia? 

Special  bargains  in  all  of  them.     Particulars  free.     Your  old 


onths  Free 


...    ,        ....     11  keted  for  you. 

AnvR/irklf  supplied.    Lowest  prices  ever  known.    Lists 

tXlXy  UUUIl.   j^,  „[  free.     ,v,-,,../,„  .'/,.•>  ,„.,i:.i.ifu. 

ALDEN  BROTHERS,  82  Bible  House,  N.  Y.  City 

^^^^P  If  you  are  interejitetl  in  any  kind  of  investment, 
^^^^  Oil.  Mininsr.  I'lantalion,  Industrial,  l^nds.  Stocks. 
Bond.s.  MorttraRes,  etc..  send  \is  your  name  end 
addre.ss  and  we  will  send  you  The  Inve.stor's  Review  for  three 
months  free  of  chartre,  A  journal  of  advice  for  investors. 
Gives  latest  and  most  reliaV>le  information  concemintf  new 
enterprises.  Knowledtre  is  iKjwer.  Great  opimrtunities  come 
and  so.  Great  fakes  Iikewi.s<?.  Get  j>ostc<l  before  iiivi-.siinK 
Write  to-day.    ISVKSTOR'S  BEVIEW.  r>so  Oiff  BUlt..  CHICiUO.  Il.t 
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Cf^NTS  ^'^ '•'  I't'ii'K  yjii.  "J"  trial, 
I     thirteen  weeks,   the  Path- 

jittdcr,  the  old  reliable  national  neus 
rtviexu.  This  paper  gives  you  every  week  all  the 
imjxirtant  news  of  the  world,  stated  clearly  and 
without  bias.  It  is  the  only  news  review  that  is 
truly  comprehensive,  and  at  the  same  time  it  is  not 
padded  or  bulky.  It  gives  you  the  wheat  without 
the  chaff.  It  is  a  time-saver  for  all  busy  ji<'ople.  In 
purjxjseit  is  high-toned,  healthy,  and  inspiring;  it  is 
a  protest  against  sensational  journalism.  It  takes 
the  pl.ice  of  periodicals  costing  ifL'..'>Oand  ^I.(H).  Try 
it  and  you  would  not  be  without  it  for  many  times 
its  cost — $1.00  per  year. 

.\ddrn^<;:     PATffFFS'nF ^\   IVnrlntixrton,  D.C. 


I'tfi  .rtii 


MIDEAL5IGHT  Restorer 

Is  Your  Sight  Failing  ? 

All   refractive   errors,   muscular    trouble    and    chronic 
diseases  ol  the  Eye  successfully  treated   by  scientific 

MASSAGE. 

"I  am  In  mv  scventv-nlnlh  year,  and  have  the  Sight  RpMorer  and 
yourselves  to  thank  lor  renewed  eye-slohl-"     Cl<*i  ni   i   al  ,,.i 

"\  wish  I  could  inipre<M(  every  one  afllicted  »o  they  would  fllve 
the  Restorer  a  trial."       I  .-tinv.iimr-.'^; 

English  or  Grrman  pamphlet  maiird  free.     Address 
THE  IDEAL  COMPANY,  239  Broadway,  New  York. 


Jmi^L^ 
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GROWER 

Our  Guarantee  Bached 
by  the  Banhs 

^Ve  will  send  you  an  Evans  Vacuum 
Cap  by  prepaid  express  to  use  thirty 
days,  'and  if  you  do  not  cultivate  a 
sufficient  growth  of  hair  within  this 
time  to  convince  you  that  this  method  is 
efiective,  any  bank  in  St.  Louis  with 
whom  deposit  is  made  will  return  your 
money. 

Even  one  application  of  a  Vacuum 
gives  the  scalp  a  pleasant  tingling  sen- 
sation that  denotes  the  presence  of 
new  life  in  the  scalp  and  which  cannot 
be  obtained  by  any  other  means. 

It  .requires  only  about  ten  days  to 
get  the  scalp  loose  and  pliable,  which 
condition  is  absolutely  essential  to  the 
life  and  growth  of  the  hair — 
the  hair  cannot  thrive  in  a 
tight  and  congested 
scalp. 


*i<r?C 


m 


Let  us  send  you  some 
literature  about  this  in- 
vention— even  if  you  are  not 
in  need  of  it,  we  know  you  will 
be  interested  in  the  Appliance 
and  in  what  it  does. 

EVANS  VACUUM  CAP  CO. 
463  Fnllerton  Building,  St.  Louis,  U.  S.  A. 
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rebound  of  the  steel  withdraws  the  bit  a 
snfificient  distance  from  the  rock  to  allow 
the  ratchet  to  rotate  it. 

The  power  plant  weighs  75  pounds, 
and  consists  of  a  copper  case  mounted 
on  a  small  tripod.  Inside  of  this  case 
is  a  copper  can  holding-  three  gallons  of 
gasoline,  and  another  case  containing  the 
ijattery  of  six  electric  cells  and  spark 
coil,  also  the  mixing  valve  which  converts 
the  gasoline  into  gas. 

The  ultimate  success  of  this  drill  de- 
pends wholly  on  the  cost  of  maintenance  ; 
i)ut,  from  the  success  which  has  been  at- 
tained by  gasoline  motors  in  other  fields, 
it  would  seem  that  a  gasoline  drill  can  be 
made  to  meet  the  severe  service  required 
in  this  work. 


Modern  Arc-Lannps 

One  of  the  most  interesting  articles  in 
the  April  issue  of  the  American  Electri- 
cian is  by  John  Ho  watt,  on  the  subject 
of  ]\Iodern  Arc-Lamps.  The  arc-light- 
ing industry  is  no  longer  at  a  standstill ; 
but  each  succeeding  year,  at  least  through 
the  last  eight  or  ten  years,  shows  develop- 
ment and  improvement  over  the  preced- 
ing year.  The  ideal  arc-lamp  must  have 
the  following  characteristics : 

(i)  The  lamp  must  be  economical.  This  is 
of  prime  importance,  for,  if  the  cost  of  opera- 
tion be  prohibitive,  all  other  virtues  fail. 

(2)  The  lamp  should  start  rapidly  and 
silently  as  soon  as  switched  into  circuit. 

(3)  When  once  thrown  into  service,  it 
should  continue  to  operate  without  fail,  giving 
a   steady,  even  light. 

(4)  The  lamp  should  give  a  light  properly 
distributed,  which  can  be  borne  by  the  eye 
without  discomfort. 

(5)  The  lamp  should  be  shadowless. 

(6)  The  lamp  should  automatically  cut  out 
of  circuit  when  out  of  order,  without  affecting 
any  other  lamps  in  the  circuit. 

(7)  The  lamp  should  be  compact. 

(8)  The  initial  cost,  cost  of  maintenance, 
and  cost  of  repairs  should  not  be  excessive. 

A  discussion  in  regard  to  these  requi- 
site-; then  follows,  showing  how  each  can 
bes-t  be  fulfilled,  and  pointing  out  the  dif- 
ficulties to  be  met.  Among  changes  and 
improvements  made  in  arc-lamps  in  the 
last  ten  years,  the  most  important  is  the 
introduction  and  adoption  of  the  enclosed 
arc,  which  has  done  more  than  anything 
else  to  favor  the  adoption  of  arc  lamps 
for  general  illuminating  purposes.     The 
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Thos.  G.  Grier's  Book  of 

Wiring  Tables 


How  They  are  Made  and 
How  to  Use  Them. 

THE  book  is  one  which 
every    Central   Station 
and     Street     Railway 
man.      Electrician       Student 
should  own. 

CSize  of  book,  6j^  x  ^]4 
inches.  Vi\\\  fit  the  pocket; 
has  rounded  corners;  is 
leather  bound;  has  one  hun- 
dred and  four  pages. 
C  It  is  of  great  service  to  Con- 
tractors and  to  anyone 
employed  in  electrical  work. 
C  In  this  book  can  be  found 
the  best  answer  to  any  ques- 
tion on  wiring. 
C  We  carrv  the  book  in  stock. 


Price,  postage  prepaid. 


$1.00 


FLASH 


,vV\ 


TIGHTS 


Can  be  Carried  in  the  Vest  PocKet 


THIS  Vest 
kiivcs  insi 


Style  A— SpecJil 

foreign  countries. 


Pocket  Light  is  not  a  toy.  It 
instant  lisht.  No  ctiirmicils.  oil. 
smoke  nor  odor.  No  heat,  matches, 
trouble  or  danger.  No  wires  to  go  wrong. 
Cannot  be  blown  out  by  the  wind.  Invaluable 
in  cas  works,  paint  factories,  mines,  oil  wells, 
paper  mills,  woodworking  factories,  etc.  Use- 
ful for  Miners,  Hunters.  Plumbers,  Railroad 
Kmiiloyees.  Undertakers,  Sailors,  Soldiers, 
Tr.ivellers.  Watchm<-n.  I,i<iu"r  Dealers,  I'hv- 
siri.ins.  Pulircmi-n.  M:irhiiiisis.  and,  in  fact, 
for  all  purpo»«»  'where  a  litfht  is  instant- 
ly required.  Endorsed  an<l  used  by  the 
Army  anil  Na%T  Ucpartments  of  this  and 
Adopted  by  Dearly  all  of  the  Police  and  De- 


Style  B 


tective  Agencies  of  the  world. 

Style  B— Pressboard  Case 'j-99 

Style  A  — Metal  Case  Covered  with  Leatherette in 

Style  A  -  Special  — Vulcanized  Fibre  Case 1.50 

Extra  Batteries.  50  cts..  Extra  Bulbs.  55  cts. 


THE  W.  G.  NAGEL  ELECTRIC  CO.,  TOLEDO,  OHIO 
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Tne  World'^  Headquarters J^or 

Electric  Novelties  and  Supplies 

If  It's  Electric  We  Have  It.    We  undersell  All. 

Kan  M.^tors »2.00  to  Slft.nO 

IljittiTvTtilileljinip 3-00 

IWitlory  llantrliin  Lump 10.00 

Tfk'i'liono.cuini'lete 2.50,    D.95 

EliTt  rlc  Door  Hi-1 1.1 100 

Elei'trlcCarrlnire  LAiups 5.00 

EUrtrIc Ijinternst 2.00,    3.00 

H.OOMcdkulIiatterlcs 3.95 

$12.00  Holt  with  Su«pensory 2.60 

^,    „  .,    .  ,  Ti'loi-THiih  OutllW 2.00 

HuiHa  I)  ;/  ItatUTV  Motors 75cto  12.00 

r^'^^aJh^  ItatUTJ- Fail  Motor C.'iO 

f  I  rnTRlC  m.-vcle  Elf<-trlc  Lights 3.50 

Z.   ^y^Anauc^  Electric  Hallway 3.25 

CLfC.J^cH"'^^  I'orkft  Flash  Lights 1.00  tO    2..50 

'''-'VE-L*'AND.  Nerktle  Lights 90p.  1.00,    1.25 

livnamos ?tMXI  to  900.(10 

OHIO  ELECTRIC  WORKS.  Cleveland,  0. 

Agi'iit.-i  Wanted.    Send  for  New  Catalogue  Just  Out. 
iiiir  Hnttrrv  Fau  Motors  are  most  economlcaL 


JEFFREY  MACHINERY 


Power  House  completely  equipped  with 

Coal  Crusher,  Combined  Elevator  and  Conveyor,  and 

Coal  Storage  Tank  of  500  Tons  Capacity. 


Specialties:  Chains,  Sprocket  Wheels,  Elevators. 
^^^^— ^-^-^  Conveyors,  Pulleys,  Shafting,  Shak- 
ing and  Revolving  Screens,  Electric  Locomotives, 
Coal  Mining  Machinery,  Coal  and  Rock  Drills.  Power- 
Transmitting  Machinery,  Etc.,  Etc. 

Send  for  Free  Catalogues. 

The  Jeffrey  Manufacturing  Co. 

Columbus,  Ohio,  U.  S.  A. 


DYNAMO    CASTINGS 

Punchings,  Castings,  Materials 

and  Blue  Prints 

for  the 

FranKlin  Dynamo 

Price,  $3.50  and  up 
Output  10  volts.  5  amperes.       Write  for  Circular  7. 

PARSELL  'k  WEED 

NEW  YORK  CITY 


129-131  W.  31st  St. 


lamps  are  more 
lamps,  although 
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feeding  mechanism  can  be  simplified,  and 
the  lamp  worked  on  a  no- volt  circuit. 
Another  improvement  has  been  in  the 
decrease  of  the  length  of  the  lamp  from 
6o  inches  to  something  less  than  36.  This 
has  been  accomplished  by  disposing  of 
the  lamp  rod,  and  having  the  feed-clutch 
work  directly  on  the  carbon  rod.  An- 
other improvement  consists  in  making 
the  lamp  design  much  more  simple,  which 
is  surely  a  very  great  step  in  advance. 
Still  another  improvement  is  the  proper 
design  of  an  arc-lamp  for  alternating  cur- 
rents. 

There  are  in  use  at  the  present  time 
five  distinct  types  of  arc-lamps — namely, 
series  direct-current ;  series  alternating- 
current ;  multiple  direct-current,  no 
volts ;  multiple  direct-current,  220  volts ; 
and  multiple  alternating-current,  no 
volts.  Of  these,  the  series  direct-current 
is  the  oldest  and  is  now  perhaps  the  least 
used  ;  for  street  lighting,  the  series  alter- 
nating current  lamp  will  doubtless  en- 
tirely supplant  it.  In  the  constant-po- 
tential lamps,  iio-volt 
common  than  220-volt 
the  latter  have  a  great  many  advocates, 
especially  in  the  Middle  ^^"est.  The  con- 
stant-potential alternating-current  lamp, 
used  on  a  high-voltage  system  in  connec- 
tion with  a  small  transformer,  is  a  rather 
expensive  and  cumbersome  arrangement, 
and  cannot  survive.  Numerous  illustra- 
tions and  diagrams  of  connections  of  dif- 
ferent types  of  lamps  are  given,  afifording 
a  broad  and  comprehensive  view  of  the 
subject. 


Weehawken  Elevator  of  the  Ne-w  York 
Central  £^  Hudson  River  Railroad 

An  interesting  account  by  J.  C.  Irwin, 
of  the  largest  and  latest  grain  elevator  in 
Xew  York  Harbor,  is  found  in  the  En- 
gineering Record  (April  8), 

The  Xew  York  Central's  elevator  capa- 
city is  increased  76  per  cent  by  this  new 
2.000,000-bushel,  fireproof  elevator  at 
Weehawken,  X.  J.  The  enormous  size 
of  this  elevator  can  perhaps  be  better 
grasped  when  it  is  stated  that  it  would 
require  approximately  1.500  modern  box 
cars  of  grain  to  fill  it.  and  that  this  num- 
ber of  cars  would  make  up  a  train   12 
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GREAT    BURNMAM 


Wll.l,   NUT 
SHUKT  STROKE 


MANUFACTURED     BY    THB 


UNION     STEAM    PUMP    COMPANY 

46  So.   Madison  Street.  BATTLE  CUEIK.   MICH..   U.  S.  A. 

DIRECT  STEAM,  BLECTRIC  AND  BELT  DRIVEN  PUMPS  1-OR  ALL  SERVICES.       SEND  FOR  CATALOG 


STEAM    PUMPS 


i 


I 


CRANE 


HIGH 
PRESSURE 


VALVES 


rOR  STf;A.>\  I'kliSSl'RES  II*  TO  2.'?n  poiimls.  tisdil  to  Mi(i  pnunils  h>Jraiilk-. 
Wcarinjr  parts  of  iron  valves  made  of  CRANE  HARD  M  ETAL,  w  liich  !•*  ni-url  y 
as  hard  as  steel  and  wears  lonifer  than  un>    other  bronze  cumpositiun  known. 


New  Tork 
Phil.)delpbia 
Baltimore 
CiDcinnati 
St.  Louis 
Kansas  City 
Sioux  City 
St.  Paul 
Duluth 
Omaha 


Write    for     Complete     "PocKet     Catalo/iue 

CRANE  CO. 

CHICAGO 

ESTABLISHED    1855 


Minneapolis 

Salt  Lake  City 

Los  Anseles 

San  Francisco 

Portland.  Ore. 

Uirmincham 

Sc.ittle 

Sjiukane 

Memphis 

Dallas 


"Star"  Lathes 


Foot  or 
Power 


Ilicli  Krade  screw  cuttiriK  eneine  Lathes,  it  to  Irt  incli  swing. with  forced 
crucible  ste-,i  hollow  spindles,  phosphor  bronze  bearings,  i{eiir.drivcn 
reversible  feeds  with  strone  friction  drive  in  apron,  palenied  sprinn 
nuts  for  liolding  cliariue  gears  in  place  and  allowing  <iuick  shifts.  Can 
furnish  Uraw-in  Chuck,  Gear-cutting,  .Milling  and  Taper  Attachments 
when  desired. 

Suitable  for  electrical  and  repair  work,  model  makers, 
gunsmiths,  technical  schools  and  fine,  accurate  ni.irhino 
shop  and  tool  room  service.      Stnd  _for  Catalog   o. 


£    The  Seneca  Falls  Mfg.  Co, 


We   m.ike   Foot-Power   Lathes,    Encine   Lathes, 
Bench  Lathes,  Speed  Lathes,  Wood -Turninc  Lathes 


115  Water  Street 


Seneca  Falls,  N.  Y.,  U.  S.  A. 


\ 
I 


•  cs:X'' 


are  the  standard  for  accuracy,  workmanship,  design   and 
finish.      Whether  you  use  tools  to  cam  your  daily  bread 

or  for  amusement  and  relaxation  from  a  different  vocation,   it  pays  to  use  GOOD  tools. 

You  can  get  a  better  quality  of  bread  and  a  good  deal  more  pleasure.      Use  Starrett  Tools. 

Send  for  Catalogue  No.  17G.     176  pages,  illustrated,  free 

THE  L.  S.  STARRETT  CO.        AthoK  Mass,  U.  S.  A. 
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TOOLS 


No  matter  what  your  trade  ma}'  be — 
if  is  a  trade  that  uses  tools  of  any 
kind — we  can  supply  your  needs,  just 
as  we  are  supplying  thousands  of 
men  who  are  earning?  their  living  wuth 
the  tools  we  have  sold  them. 

LOOK  AT  THESE  BARGAINS: 

Drawing  Instruments  $  1 .90  a  set  and  up. 
Yankee  Spiral  D.  A.  Screw  Driver  $1  .50. 
Goodell  Automatic  Drill,  withSpoints,  85C. 
Combination  Plyer  60C.  Prices  include 
delivery  anywhere. 

These  are  shown  in  our  Red  Book  No.  73 
em t  free  and  our  J,50  page  Tool  Catalog  No.  75 
tent  aninrhirc  on  receipt  of  20  cents  to  help 
pay  cxprcsscigc. 

nRR  &  LOGKETT 

V  HARDWARE  COMPANY  ■ 

71-73  Randolph  Street,        CHICAGO 


The  Locke   Adder 

The  famous,  low-priced  calculating  machine.  Rapid, 
accurate,  simple,  handy,  practical,  durable.  Capacity  999,9'.l'.t,- 
99!».  Two  models,  tS.OO  and  .510.00,  prepaid  in  U.  S.  Booklet 
Free.    AGENTS  WANTED. 

1C.  E.  LOCKE  MFG.  COMPANY. 
32  Walrwjt  St.,        -        Kensett,  Iowa 
1 


"Buy 


LocKe     Adder     1o     Ajjijt     your     "Brain. 


Jessop  Steel  Company 

Washington,   Pennsylvania 

MANUFACTURERS     OF 

Crucible  Sheet  Steel 

of  superior  quality,  for  Circular  Saw  Plates, 
Cross-cut,  and  eill  long  Saws,  Billet  Web, 
and  all  short  Saws;  also  Rollers  of  Dead 
Soft  and  Three-Pass  Cold-Rolled  Sheets. 


Correspondence       Solicited 
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miles  long.  The  total  receiving  capacity 
of  the  elevator  is  about  500  cars,  or  670- 
000  bushels,  in  24  hours. 

The  main  features  of  the  elevator, 
wliich  is  very  fully  illustrated  in  the  arti- 
cle, are  that  it  is  absolutely  fireproof,  be- 
ing built  of  brick,  concrete,  and  steel ; 
it  is  available  for  use  by  deep-draught 
vessels ;  it  is  designed  for  quick  handling, 
and  is  operated  entirely  by  electricity. 
It  is  fully  equipped  with  dust  collectors, 
by  which  the  dust  is  picked  up  by  suc- 
tion and  disposed  of  outside  the  building. 
Rope  drives  are  used  for  the  machinery, 
to  avoid  electric  sparks  from  the  use  of 
belts ;  and  the  motors  are  all  enclosed  in 
dust-proof  cases,  to  the  interior  of  which ' 
fresh  air  is  admitted  through  ducts  from 
the  exterior  of  the  building. 

The  grain  is  delivered  from  the  cars 
into  8  double-track  hoppers,  the  cars  be- 
ing unloaded  by  machine  shovels  guided 
by  hand.  Continuous  belts  with  sheet- 
iron  buckets  are  used  to  elevate  the  grain 
from  the  bottom  of  the  hoppers  on  the 
basement  floor,  up  to  the  top  of  the  gar- 
ners, which  are  located  on  the  next  to 
top  floor  of  the  cupola.  Thence  the  grain 
is  delivered  to  the  scale  hoppers  on  the 
floor  below,  where  it  is  weighed  before 
being  distributed  into  the  various  bins. 

The  writer  also  takes  up  the  founda- 
tions, the  superstructure,  and  the  power 
arrangements  in  detail,  which,  together 
with  the  photographs  and  the  cross-sec- 
tional view  of  the  elevator,  make  a  very 
complete  and  satisfactory  article  for  those 
interested  in  elevators. 


Slightly  Mixed 

Two  correspondents  wrote  to  a  country 
editor  to  know,  respectively,  "The  best  way  of 
assisting  twins  through  the  teething  period" 
and  "How  to  rid  an  orchard  of  grasshoppers." 

The  editor  answered  both  questions  faith- 
fully, but  unfortunately  got  the  initials  mixed, 
so  that  the  fond  father  of  the  teething  twins 
was  thunderstruck  by  the  following  advice  : 

"If  you  are  unfortunate  enough  to  be  plagued 
by  these  unwelcome  little  pests,  the  quickest 
means  of  settling  them  is  to  cover  them  with 
straw  and  set  the  straw  on  fire." 

While  the  man  who  was  bothered  with  grass- 
hoppers was  equally  amazed  to  read : 

"The  best  method  of  treatment  is  to  give 
them  each  a  warm  bath  twice  a  dav  and  rub 
their  gums  with  hon^sti."— Ladies'  Home  Jour- 
nal. 
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DO  YOU 


USE 


DRAWING   INSTRUMENTS? 

If  s(i.    then   it   wiil   pay 
you   to  e  X  a  m  i  n  e   the 
_fe<xturcj   which  have 
made  the 

R  1  c  h  t  e  r 
Instruments 
of  Precision 

FAMOUS  THE 
WORLD      0\ER 


Th-      ••  Hichtcr" 
Tyratoirtfi      Jnjtru- 

menlj    pos'^ess     many 
(lc-irat<le  anil    unique 
_fea1urej  not  found  in 
"thcr  instruments.  They 
ire     used    and    recom- 
mended l»y  the    highest 
mechanical    authorities. 
Their    mcchantcal    merits    challenge    criticism. 
Our  41(i  page  profusely  illustrated  catalotjue  contains  a  lull  description  and  price  list  of  these 
Instruments,  as  well  as  other  styles  and  grades,  also   a  complete   list  of   Drawing    Materials  and 
Surveying  Instruments.      (See  cou{X)n  below.) 

We    maK_e    and    carry   -the    most    complete    line    of    "Dratving    Materials 
and  Sur'Oeying  Instruments. 

Write   for  price   of  our    special 
A.  S.  C.  Drawing  Outfit.     Sjie- 

>■*<"">  cially  adapted  lor  students  of  the 
.\merican  School  of  ("orrespond- 
ence. 


All     our     goods     are 
fully    warranted. 


EUGENE  DIETZGEN  COMPANY 

t.'\tanu/aclurerr  an  J  fmporlers  of 

Drawing  Materials  and  Surveying  Instruments 

181   Monroe  Street  119  West  Twenty-third  Street  14   First  Slrcrt  145   Baronne  Street 

CHICAGO  NEW  YORK  SAN  FRANCISCO  NEW  ORLEANS 


CUT  OUT  ATH)  MAIL  AT  ONCE 


Date. 


EUGENE  DIETZGEN  CO.. 

Ge.ntlemen:— Enclosed  find  15  cents,  for  which  please  send  prepaid  your  416  pa«c  catalojfuc,  1905  edition. 
This  amount  to  be  refunded  on  first  order  amounting:  to  f  1.00. 


i^ame . 


CT.W.  June' 
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For  $L00 


*' ELECTRICAL   INSTRUMENTS 

AND  TESTING" 
SPON    6.    CHAMBERLAIN 


Dept.  T.  VV.  Liberty  Bldtf., 


NEW  YORK 


Standard  Adding  Machine 


$185-22 


For  Speed,  Capacity,  Durability,  Accuracy,  Simplicity 
The  STANDARD  has  no  equal. 

The  Standard  way  to  add  is  always  accurate.  The 
Machine  cannot  make  a  mistake.  It  has  only  19  keys. 
Its  simplicity  avoids  confusion  and  makes  the  oper- 
ator's work  more  accurate. 

The  speed  of  the  Standard  is  limited  only  by  the 
dexterity  of  the  operator. 

The  Standard  has  10  times  the  capacity  and  double  the 
speed  of  any  adding  and  listing  machine  on  the  market. 

Awarded  the  Grand  Prize  at  St.  Louis 

Write  for  10  reasons  why 

STANDARD    ADDING    MACHINE    CO. 

35   Spring  Averviie  St.  Louis,  Mo. 

THE    STANDARD    WAY 
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MISCELLANEOUS 


Recently  Graduated 

HE    following    students    have    been 

graduated       from       the      American 

School  of  Correspondence  since  thp  May 

number  of  The  Technical  World  was 

issued : 

Arnoldi,  Hermann,  St.  Louis,  ^lo. — Course : 
Mechanical. 

Bacon,    L.    C,    Whangamomona    Stratford, 
Xew  Zealand — Course  :  Mathematics. 

Bates,    Douglass    B.,    Pittsford    Mills,   Vt. — 
Course :     Locomotive. 

Bidle,  B.  A.,  Wooster,  Ohio — Course :     Elec- 
trical. 

Boice,  C.  L.,  Evanston,  111. — Course:     Elec- 
trical. 

Burdick,    Charles    A.,    Coldwater,    ]\Iich. — 
Course :     Electrical. 

Burns,  J.,  Kanieri,  Hokitika,  Westland,  New 
Zealajid- — Course  :     Mechanical. 

Butt,  Ernest,   Hawkes  Bay,   New   Zealand — 
Course :     Engineer's. 

Cowan,  C.  E.,  Greenburg,  Pa. — Course  :   Me- 
chanical Drawing. 

Evans,  L.  Howard,  Strawberrj'  Point,  Iowa 
— Course :     ^lechanical. 

French,   C.  A.,   Fall   River,   Mass. — Course : 
Stationarv. 

Gamble,    W.    L.,    Plainfield,    N.   J.— Course : 
?^Iechanical. 

Gilbert,     Fred     A.,     jNIinneapolis,     ]\Iinn. — 
Course :     Locomotive. 

Gilmore,    ^lanley    M..    Chesterland,    Ohio — 
Course :    Telephone  Practice. 

Gudgel,  C.  H.,  Graham  P.  O.,  Deputy,  Ind." 
— Course:  Mechan.ical. 

Keiper,   Charles   J.,    Chicago,    111.— Course: 
Stationar}'. 

Lee,  J.  E.  S.,  Thurber,  Texas — Course :  Elec- 
trical. 

Leslie,  Norman,  Philadelphia,   Pa.— Course : 
Mechanical-Electrical. 

Martens,     Charles.     Chicago,     111.— Course: 
[Mechanical-Electrical. 

Merz,    Robert   E.,    Carlinville,    111.— Course : 
Perspective  Drawing. 

Nickerson,    David    '\l.,    Rochester,    N.    Y.— 
Course :     Stationary. 

Ogden,  C.  H.,  Elnora,  N.  Y.— Course :    Sta- 
tionary. 

Rees,     J.     Thomas,     Hokendauqua,     Pa.— 
Course :     ]\Iechanical. 

Riess,    William    H.,    Elkhart    Lake,    Wis.— 
Course :    Electric  Lighting. 

Robeson,      James      P.,      Riverside,      Cal.— 
Course :    Electrical. 

Spalding,    L.     R.,    Rockford,     111.— Course: 
Central  Station  Work. 

Speedy,  J.  H.,  Chelsea,  Auckland.  New  Zea- 
land—Course:     Elementary  Electricity. 

Troeller,    C.    F..    Larrabee.    Iowa— Course: 
(  Heatmg,  Ventilation,  and  Plumbing. 
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LET  US  PROVE  WHAT 

WE  CLAIM  AT  OUR 

EXPENSE. 


There  is  only  one  way  to  prove  anything 
about  a  typewriter,  and  that  is  an  actual  test 
of  the  machine  itself  in  your  O'wn  office. 

That  is  what  we  want  every  possible  pur- 
chaser of  a  Fox  Typewriter  to  do  before  he 
buys. 

When  we  say  the  Fox  Typewriter  can  be 
operated  with  from  25  to  100  per  cent  less 
energy  than  any  other  typewriter,  it  doesn't 
mean  anything  to  you  unless  we  can  show  by 
this  saving  that  it  will  enable  you  to  reduce 
the  cost  of  typewriting  in  your  oflBce,  give  you 
a  better  grade  of  work  and  save  you  a  vast 
amount  of  worry  about  repairs.  When  we 
show  you  that,  you  are  interested. 

We  have  proved  this  to  some  of  the  mo^t 
discriminating  buyers  in  the  country.  Seventy- 
five  per  cent  of  our  sales  are  made  under  just 
such  circumstances. 

If  we  can  prove  it  to  you,  you  want  our 
machine. 

Remember  we  prove  this  at  our  expense. 
All  you  have  to  do  is  say  you  are  interested,  no 
matter  where  you  are. 


Wt  i  1e 


u  J     today. 


FOX  TYPEWRITER  CO. 

Executive  Office  and  Factory 
620  Front  Street,        Grand  Rapids,  Mich. 

Branches  and  Agencies  in  Principal  Cities. 


,'T 


^.1^1 
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PERSONAL  AND  MISCELLANEOUS— (Concluded) 

West,  Frank.  Clyde,  Morrison,  111. — Course : 
Electric  Lighting. 

Wicks,  E.  E.,  Marcellus,  N.  Y. — Course : 
Mechanical-Electrical. 


Mr.  Joseph  F.  Vitek,  Jr.,  lately  of 
Ilaltimore,  Md.,  a  student  of  the  Ameri- 
can School,  has  taken  a  position  with 
the  General  Electric  Company  of 
Schenectady,  N.  Y.,  as  draftsman.  His 
opportunities  here  are  g'reatly  advanced, 
and  Air.  Vitek  has  the  best  wishes  of  his 
instructors  for  the  fullest  success  in  his 
new  duties. 


Through  an  oversight,  we  omitted  to 
mention  the  name  of  ]\lr.  George  Harvey 
Jones,  of  Chicago,  as  the  inventor  of  the 
new  type  of  panel-board  and  cut-out  cab- 
inet described  in  our  February  number 
(p.  766). 


Too  inquisitive 

W'lLLiE  saw  some  dynamite, 
Couldn't  understand  it  quite; 
Curiosity  never  pays ; 
It  rained  Willie  seven  days. 

— Princeton   Tiger. 


Inconsistent 

DoBBS — How  old  is  your  baby? 

CoBBS — Just  old  enough  to  lisp  "Now  I  lay 
me  down  to  sleep,"  and  then  yell  all  night 
with  the  colic. 


Come  Along 

Clergyman  (who  has  been  delivering  ad- 
dresses on  "The  World,  the  Flesh  and  the 
Devil")  :  "The  week  before  last  we  took  the 
world,  last  week  we  finished  the  flesh,  and  now 
we  will  go  to  the  devil." 


Comrades 

When  the  late  Dr.  Bartlett,  of  Woburn,  was 
pension  examiner  under  the  Cleveland  Ad- 
ministration, he  was  one  day  examining  wit- 
nesses. He  asked  one  of  them :  "Terence 
McCartey,  do  you  swear  that  you  know  the 
applicant,  ]Michael  ^lurphy,  who  has  made  ap- 
plication for  an  increase  of  pension?" 

"You  may  well  say  that  I  do,"  said  Terence. 
"Me  and  him  were  shot  in  the  same  leg  at  An- 
tietam." — Boston   Herald. 
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rShe  CONSTRUCTOR 

A    Handbook  q/   Machine   Design 

Bv   PROK.    F.    Rf.uleaux 


REl'LEAl'XS     "Constructor"    is   the   Inist    practical    trciiisc   on    machine   ilcsij^n.      No 
other  book  has  had  so  preat  an  inllucnce  upon  the  entire  subjt-ct  of  machine  design 
in  both   Europe  and  America.     It  was  first  published  in  German,  and   it  has  been 
translated  into  every  great  modern  language.     The  translator  into  English,  Mr.  Henry 
Harrison  Suplee,  Mechanical  Editor  of  The  Engineering  Magazine,  made  this  basic 
book  a  practical,  working  handbook  for  the  American  machine  designer  when  he  reworked  for 
the  English  version  the  hundreiis  of  tables  and  formulas  from  the  metric  to  our  systems  of 
weights  and  measures  and  standards  of  sizes  and  shapes. 

EXPERT    OPINIONS 

"This    book    is    the    best     practical    treatise    on  rel.ition    to    niachiin;    design  aii.i  construction.      This 

machine  desii:n  of  which  we  have  any  knowledge,  and  book  is  a  most  useful  one  and  shuuht  he  in  the  library 

this  translation  places  it  within  the  reach  of  hnt:lish  of  every  mechanical  entiinecr  and  kept  as  a  book  of 

speakinc    engineers   to  whom    alone   it   has   been    in-  reference    in    the    drav/inc    room    of    every    macbioe 

accessible  heretofore.    We  can  recommend  it  as  beinu  shop." — The  Jimrineiring  atiii  Mininc  Journal. 
north  every  cent  of  its  price,  and  a  valuable  addition 
to  any  mechanical  engineer's    library.— £«f/«<v//i^ 

AVu<j.  "This  work  has  lone  been  known  as  the  best  and 

most  thorout:h  publication  of  its  kind  in  existence.     It 

"  Reuleauxs  Constructor  has  lonf  been  known  as  will   be   found   of  the  greatest  utility  by  mechanic:il 

the  best  and  most  thorough  work   of  its  kind  in  exist-  engineers.      The    volume    is   admirably    printed    and 

ence,    presenting    in    compact    form    a   great    mass  of  carefully  edited  throughoul,  and  is  worth  every  penny 

information,   the  best  both  in  theory  and  practice  in  of  the  price. — Mat-hinery,  London. 

L  a  r  ^  e     Quarto,      1200      IlJujiraiionj,     S  7  .  5  O      by     "Prepaid     E.  jc  p  r  t  j  j 


Arithmetic   and   Algebra 

DESIGNED  FOR  SELF  INSTRUCTION 

By  H.   B.   LiJBSEN 

THE  name  "  Liibsen  "  on  a  mathematical  work  is  the  hallmark  of  clear  explanation  and 
orderly  development  of  the  theme  treated.  This  is  one  of  Prof.  Liibsen's  most  successful 
books,  nearlv  thirty  editions  having  been  sold  in  Germany.  Mr.  Suplee,  the  translator, 
has  been  able  to  duplicate  the  author's  simplicity  and  clearness  of  language,  anil  has 
enhanced  the  value  of  the  work  by  adding  some  new  material  of  great  value  to  the 
practical  man.  The  method  of  extracting  roots  by  "approximation"  fully  explained  in  this 
book  is  so  valuable  that  it  should  be  learned  by  everyone.  By  it  square  and  cul)e  roots  can  be 
found  much  more  quickly  than  by  the  usual  laborious  methods,  and  there  is  the  added  advantage 
that  the  process  is  so  simple  that  anyone  can  remember  it.  To  know  this  one  process  is  worth 
more  than  the  cost  of  the  book.  CEvery  example  throughout  the  volume  is  worked  out  in  detail, 
showing  just  how  and  why  everything  is  done.  All  problems  are  essentially  practical,  and 
unnecessarj-  matter  is  excluded.  Arithmetic  leads  up  to  algebra,  the  use  of  symbols  being 
gradually  develof>ed.  The  exercise  of  the  judgment  is  fostered,  and  dependence  upon  arbitrary 
rules,  which  are  seldom  remembered,  is  avoided. 

I  2     m  o  .  ,       ^  2  .  O  O       by       Mail       V  r,  p  a  i  d 


THE    ENGINEERING    MAGAZINE 
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You  Can  Easily  Operate 

This  Typewriter 

Yourself 

Don't  worry  your  cor- 
rcsponJcnt. 

Don't  write  him  any- 
tliingr  l^y  hanJthat  takes  liini 
tinjo  to  make  out— that  may 
leave  him  In  doubt— that  he 
can't  easily  road. 

And,  don't  fill  out  legral 
papers  or  carj  memos— or  make 
out  accounts  or  hotel  menus  In  your" 
own  handwriting:. 

It  looks  bad,  reflects  on  your  standing:,  makes 
people  tliink  you  can't  afford  a  stenographer,  and  is 
sometimes  ambiinious. 

You  can  write  out  your  letters — make  out  an  ab- 
stract—fill  in  an  insurance  policy — enter  your  card 
memos— mako  out  your  accounts,  or  a  hotel  menu— or 
do  any  kind  of  writing  you  need,  on  any  kind,  size  or 
thickness  of  paper,  and  space  any  way  you  want  on 


T1>6. 

Typewriter 

We  Standard  Visible  Writer 

You  can  write  any  c£  these  thing^s  yourself  If  you 
do  not  happen  to  have  a  Stenogrrapher, 

For  you  can  easily  learn,  with  a  little  practice,  to 
write  just  as  rapidly,  and  as  perfectly,  as  an  expert 
operator  on  the  OLIVER.  Because  the  OLIVER  is  the 
simplified  typewriter.  And  you  can  see  every  word 
you  write.  About  80%  more  durable  than  any  other 
typewriter,  because  it  has  about  80%  less  wearing  points 
than  most  other  typewriters. 

80%  easier  to  write  with  than  these  other  compli- 
ed, intricate  machines  that  require  "humoring:"— 
-long:  practice  and  special  skill  to 


cated. 

technical  knowledge- 
operate. 

Than  machines  which  cannot  be  adjusted  to  any 
special  space— with  which  it  is  impossible  to  write  ab- 
stracts, insurance  policies,  or  odd  sized  documents  ex- 
cept you  buy  expensive  special  attachments  requirine 
experts  to  operate. 

You  can  adjust  the  OLIVER  to  any  reasonable 
space— you  can  write  on  any  reasonable  size  and  thick- 
ness of  paper,  right  out  to  the  very  edge,  without  the  aid 
of  any  expensive  attachment  or  special  skill,  and  your 
work  will  be  neat  appearing,  legible  and  clear. 

For  the  OLIVER  is  the  typewriter  for  the  doctor, 
the  lawi-cr,  the  insurance  agent,  the  merchant,  the  hotel 
proprietor- or  any  man  who  does  his  own  writing. 

Write  us  now  for  our  booklet  on  the  simplified 
features  of  the  OLIVER. 

T  OP -XT     AriFVPQ-  No  other  typewriter 

the  OUTER,  for  no  other  typewriter  has  its  special 
time  and  labor  saving  featurt  8.  Competition  dem- 
onatratea  its  Buperioritr.  Many  agents  are  making 
big_  money.  Certain  territory  is  now  aynilable. 
Write  at  once,  for  it  will  not  ba  open  long— we  Bend 
travelers  to  help  you  make  money, 

THE  OLIVER  TYPEWRITER  CO., 

135  Wabash  Avenue,  CHICAGO,  ILL. 

PRINCIPAL  FOREIGN  OFFICE: 
75  Queen  Victoria  St.,  London,  Eng. 


Force  of  Flowing  Water 

Question:  What  is  the  pressure  on  i  square 
foot  of  a  plank  in  the  Hudson  river,  5  feet 
helow  the  surface,  with  the  tide  running  at  the 
rate  of  6  miles  an  hour,  and  i  cubic  foot  of 
the  flow  against  i  square  foot  of  plank  at  the 
above  depth?— fF.  C.  O. 

Ansivcr:  The  impulse  of  a  jet  of  con- 
stant cross-section  varies  as  the  square 
of  its  velocity.  If  F  equals  the  constant 
impulsive  force  due  to  the  flow,  its  theo- 
retical value  can  be  found  by  the  formula 


F  = 


7f  a  7'^ 


in  which  zv  is  the  weight  of  one  cubic 
foot  of  water  in  pounds,  v  is  the  velocity 
in  feet  per  second,  g  is  the  force  of  grav- 
ity, and  a  is  the  area  of  the  cross-section 
of  the  jet  in  square  feet.  Assuming  then 
the  plank  is  placed  at  right  angles  to  the 
flow,  the  area  is  one  square  foot.  A  rate 
of  flow  of  6  miles  per  hour  is  equivalent 
to 


6  X  5280 


(=  8.8)  feet  per  second. 


60  X  60 

The  weight  of  one  cubic  foot  is  approxi- 
mately 62.4  pounds.  Substituting  in  the 
formula,  then,  we  have : 


F  = 


62.4  X  1  X  8.8^ 
32 


=  151  pounds. 


Experiments  show  that  the  actual 
value  is  about  three-fourths  of  the  theo- 
retical, or  151X.75  (=113)  pounds. 


Lovers*  Telephone 

Qtiestion:  Can  j'ou  give  me  a  description 
of  how  the  string  telephone  is  made  ?  I  made 
one  with  a  tin  can  for  each  end.  The  wire 
was  stretched  between  the  two  cans  without 
any  bends  or  turns,  and  was  run  through  a 
hole  and  wrapped  around  a  wire  nail.  It  did 
not  work.     Why?— 5.  S. 

Anszvcr:  You  refer  to  what  is  known 
as  the  "Lovers'  telephone,"  which  was  one 
of  the  steps  in  the  development  of  the 
modern  telephone.     It  simply  consists  of 
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How 

Many 

Trips 

to  the 

Laundry? 

OON 


The  Reigning  Style 

The  Outing  collar,  introduced 
first  by  us  last  Spring,  was  univer- 
sally adopted  by  well  dressed  men 
and  altho'  copied  under  many 
brands,  none  possess  its  distinctive 
style  and  perfect  fit.  Be  sure  to 
get  the  Corliss-Coon  Outing,  a  col- 
lar you'll  enjoy  wearing. 

If  You  Want  to  Know 

about  wearing  qualities,  mark  your 
collars  each  time  they  go  to  the 
laundry.  You  will  find  that  Cor- 
liss-Coon collars   outwear  others. 

And  here's  why — 

They  are  always  full  4-ply 
strength  with  heavy  interlining  cut 
away  at  the  end  of  the  folding  line 
so  they  will  fold  more  times  with- 
out breaking. 


Ask  the  best  dealers  for  Corliss- 
Coon  Collars.  They  have  them 
or  can  get  any  style  you  desire 
in  our  make.  If  you  are  not  willingly 
supplied,  send  your  order  to  us  with 
retail  price,  (2  for  25c),  stating  style 
and  size  desired.     Quarter  Si^fs. 

Write  for  the  book,  "Better  Col- 
lars." It  shows  the  styles  and  tells 
u/iy  better  collars. 

Corliss,  Coon  &  Co. 
19  C  street,  Troy,  N.  Y. 


CONSULTING  DEPARTMENT— (Continued) 

a  String  or  wire  stretched  tight  between 
two  tin  cans,  and  fastened  to  the  middle 
of  the  bottom  of  each  can.  The  bottom 
of  the  can  may  be  made  of  sheepskin  or 
of  thin,  elastic  tin. 

The  sound  waves  enter  the  can  and 
strike  the  bottom,  which  vibrates.  The 
vibrations  are  taken  up  and  given  to  the 
wire,  being  transmitted  over  it  to  the 
other  can,  where  they  are  in  turn  given 
out,  thus  repeating  the  sound.  By  means 
of  an  instrument  of  this  sort,  conversa- 
tion can  be  carried  on  over  several  miles, 
under  favorable  circumstances ;  and,  if 
properly  constructed  according  to  the 
above  description,  the  device  should  give 
good  results  for  short  distances. 


Lontfitude  and  Latitude  of  Ships 

Question:  Please  explain  through  The 
Technical  World  the  method  employed  on 
ships  for  reckoning  longitude  and  latitude. — • 
E.  L.  A. 

Anszver:  The  position  of  a  ship  at  sea 
is  determined  by  the  observation  of 
heavenly  bodies,  this  branch  of  naviga- 
tion being  called  Nautical  Astronomy. 
The  instnmients  used  in  this  connection 
are  the  sextant,  or  quadrant ;  a  chrono- 
meter;  and  the  A\Tutical  Ahiiaiiac.  The 
celestial  bodies  used  for  navigation  pur- 
poses are  the  Sun,  Moon,  ]\Iars,  Venus, 
Jupiter,  Saturn,  and  the  fixed  stars  of 
the  first  and  second  magnitude. 

As  it  would  take  several  pages 
to  describe  the  method  adequately,  we 
must  accordingly  refer  you  to  some 
treatise  on  the  subject,  such  as  "Simple 
Elements  of  Navigation,"  by  Young. 


Increase  of  Voltage 

Question:  I  have  charge  of  a  Westinghouse 
direct-current  multipolar  generator  of  ii% 
kilowatts  125  volts  90  amperes  1,200  revolu- 
tions. Could  I  increase  the  voltage,  and  how 
much  with  safety?  The  generator  has  to 
transmit  current  about  one-quarter  of  a  mile, 
to  light  several  houses  using  about  120  lights 
of  16  candle-power  125  volts.  The  lights  do 
not  come  up  to  their  proper  brilliancy.  We 
use  about  25  lights  at  or  near  the  power  house, 
and  they  give  proper  brilliancy. — G.  F.  H. 

Answer:  You  could  probably  increase 
vour  E.  M.  F.  to  140  volts,  partly  by 
raising  the  speed  and  partly  by  increase 
of  field  strength,  without  any  particular 
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4  Southampton    Row, 

London,  EnKland. 

Gentlemen—  ,,,.,„  .,  •        * 

During  the  five  weeks  I  was  in  the  United  States  on  the  occasion  of 
the  visit  of  The  British  Institution  of  Electrical  Engineers,  I  trav- 
eled about  six  thousand  miles  over  your  country.  1  learned  many  things 
and  I  am  grateful.  I  intend  to  show  my  gratitude  in  a  praotiral  man- 
ner therefore,  to  everj'one  who  becomes  a  subscriber  to  The  Electrical 
Magazine  for  twelve  months  I  will  present  the  wliole  of  the  issues  for 
iyo4  (Vols.  1  and  2)  for  simply  the  cost  of  carriage  ($1.00).  Binding 
cases  for  these  vols,  are  now  ready  and  will  be  supplied  to  you  post  free 

for  50  cents  each.  ,     ,   .  ,  .,  i.       •  x-      j     *      * 

In  your  own  interests  I  advise  you  to  mail  our  subscription  dept.  at 
once   as  there  are  only  a  limited  number  of  last  year's  issues  left. 

I  am,  yours  faithfully, 

THEO.  FEILDEN. 
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HAVE   YOU   WORN   THEM? 

Not  "celluloid"  —  not' "paper  collars,"  but  made  of 
fine  cloth,  exactly  resemble  fashionable  linen  goods, 
and  cost  of  dealers,  for  box  of  ten,  25c.  (2'/2  cts.  each), 

NO     WASHING     OR     IRONING 

When  soiled,  discard.  By  mail,  10  collars  or  5 
pairs  Of  cuffs,  for  30c.  Sample  collar  or  pair  of 
cuffs  for  Cc.  In  U.  S.  stamps.    Give  size  and  style. 

REVERSIBLE  COLLAR  CO..  Dept.  W..  BOSTON,  MASS. 


■m 


One-Third  of  a  Century  Standard  of  the  World. 

A  delicious  beautifier,  preserver  and  cleanser 
of  the  teeth;  makes  the  breath  sweet  and  the 
gums  less  tender. 

The  metal  box  is  a  handy  package  for 
toilet  table  and  traveling;  no  powder  to  litter, 
no  liquid  to  spill  or  stain.     25c  at  all  druggists! 

C.  n.  STRO.VG  &  CO.,  Props.,  Chicago,  U.  S.  1, 


CONSULTING  DEPARTMENT— (Continued) 

(lan^or.  It  would,  however,  be  much 
l)etter  to  use  a  lower-voltage  lamp  at  the 
point  of  distribution,  suiting  it  to  the 
voltage  available,  rather  than  to  attempt 
to  raise  the  voltage  in  the  manner  you 
mention. 

Vacuum  Dashpot 

Question:  Please  explain  the  internal  ar- 
rangement of  a  vacuum  dashpot.  Where  is  the 
vacuum?  How  is  it  created?  How  main- 
tained? Does  the  atmospheric  pressure  on  the 
outside  close  it,  or  is  closing  due  to  the  weight 
of  the  plunger? — H.  B.  G. 


Vacuum  Dashpot. 

Ansiver:  There  are  many  different 
types  of  vacuum  dashpots  on  the  mar- 
ket, but  the  accompanying  sketch  shows 
the  general  principle  of  a  very  common 
type. 

When  the  steam  valve  is  opened,  the 
piston  in  the  dashpot  is  raised,  causing 
a  partial  vacuum  in  the  cylinder  beneath 
it^  and  at  the  same  time  compressing  the 
air  above  the  piston,  the  pressure  to 
which  the  air  is  compressed  being  regu- 
lated by  a  small  needle  valve  connected 
at_  the  side  of  the  cylinder  as  shown.  It 
will  be  seen  that  when  the  hook  releases 
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the  crank-arm  on  the  valve-stem,  the 
latter  is  forced  downward  by  the  pres- 
sure of  the  air  above  the  dashpot  piston, 
allied  by  the  partial  vacuum  beneath  it. 
During-  the  upward  stroke  of  the  piston, 
enough  air  escapes  from  above,  to  the 
space  below  the  piston,  to  cushion  the 
piston  when  the  hook  releases  the  arm 
on  the  valve-stem.  The  dashpot  is  thus 
caused  to  act  very  quickly,  and  at  the 
same  time  without  the  slightest  shock 
to  the  connected  mechanism,  and  there- 
fore without  noise.  The  construction  is 
such  as  to  permit  ample  lubrication  and 
at  the  same  time  render  the  dashpot  dust- 
proof. 


Efficiency  of  Single-Phase  Motors 

Question:  I  notice  that  single-pha?e  self- 
starting  motors  are  being  extensively  adver- 
tised by  different  makers,  and  should  like  to 
know  their  efficiency  as  compared  with  direct- 
current  motors. — C.  L.  S. 

Ansiver:  Single-phase  self-starting 
motors  compare  very  favorably  with 
polyphase  motors.  In  fact,  after  they  are 
up  to  speed  they  are  practically  the  same 
in  action  as  polyphase  motors,  and  hence 
should  give  approximately  the  same  effi- 
ciencv. 


Right-  and  Left-Hand  Engines 

Question:  Will  yon  please  answer  the  fol- 
lowing? How  do  you  designate  an  engine,  as 
to  whether  it  is  right-hand  or  left-hand? — 
R.  C. 

Answer:  An  engine  is  denoted  as 
"right-hand"  when,  standing  by  the  cyl- 
inder and  looking  towards  the  crank,  we 
find  the  fly  wheel  on  the  right-hand  side. 
If  the  reverse  is  the  case — that  is,  if  the 
fly  wheel  is  on  the  left-hand  side  when 
we  look  from  the  cylinder  to  the  shaft 
— the  engine  is  said  to  be  "left-hand." 


The  Right  Kind 

A  SIGN  hung  out  in  front,  "Boy  Wanted." 
In  five  minutes  a  youngster  brought  in  the 
sign  and  said,  "I  see  you  want  a  boy."  "Yes," 
said  the  proprietor,  "but  why  did  you  bring  in 
that  sign?"  "Because  I'm  going  to  take  the 
job,  and  there's  no  use  of  the  sign  being  out 
there  any  longer." 


Mention  The  Technical  World. 


ADVERTISEMENTS 


541 


FREE  to 


A  new  handy  ami  t  onvcnicnt  ik-vicc  tur  taking;  inrasure- 
mi-nt  is  the 


WIET-GOETHE 
COMBINATION     GAUGE 


JSOW  offered  for  th» 
rmST  TIME  to  ihojt 
inttrtjtetL 


DRAUGHTSMEN! 
ELECTRICIANS! 
TOOL  MAKERS! 
PATTERN 

MAKERS! 

machinists! 
everybody! 


The  Scale  ij  graduated  to  64-t/>j  of  on  inch.     Thi  "Protractor 
in  dt^reej  and  numbertd. 


DID  IT  ever  occur  to  you  when  calle«i  upon  lo  perform  somo  mechanical  work  to  Ijc  confronted  by  almost  insur- 
mountable ditViculties  because  you  did  not  have  handy  the  riKht  kind  of  a  t'«j\  to  take  mfasurcmeiit.s?    H  la  it 
practical  for  any  man  to  carry  a  cumbersome  tool  chest  to  take  measurements?    ^  Suppose  you  could  carry  in 
your  vest  pocket  all  in  one  instrument 


AN    OUTSIDE    CALIPER. 
AN    INSIDE    CALIPER. 
A    DIVIDER. 


A    STRAIGHT    EDGE 
AN    ANGLE    GAVGE 
A    DEPTH  GAUGE 
A    CENTEK    GAUGE 


A  TRY  SQUARE 

A  CENTER.  SQUARE 

AN  ANGLE  PROTRACTOR. 


and  many  other  combinations  too  numerous  to  mention,  but  understood  and  appreciated  at  once  by  all  havinjr  to  deal 
with  any  kind  of  measurements.  H  We  now  present  a  tool  which  will  enable  you  to  till  all  these  rtMiuirempnts  and  take 
all  measurements,  within  its  scope,  accurately  and  quickly.  1i  It  is  made  of  superior  steel,  carefully  and  thoroughly 
tested  as  to  its  accuracy.  *i  It  will  be  found  to  be  a  novel  and  valuable  addition  to  the  t<K)I  chest  of  any  mechanic. 
^  The  practical  men  will  find  constant  and  novel  uses  for  it  under  any  and  all  circumstances,  t  It  will  enable  one 
to  solve  all  the  different  anil  difficult  problems  which  arise  in  the  shop  or  elsewhere.  1i  It  is  so  i)<>rt«ble  and  convenient  ; 
beinjT  small  enouRh  for  the  pocket--that  it  can  always  be  at  hand.  1i  The  Gaiitce  is  made  by  first  class  mechanics  and 
no  expense  is  spare<l  to  insure  accuracy.  We  commend  it  as  a  finished  and  perfect  U*>\  for  the  various  uses  to  which 
it  can  be  put.  *^The  Combination  Gauire  is  enclosed  in  a  neat  leatherette  case  with  metal  trimmings,  so  an  to  bo 
conveniently  carried  in  the  pocket.  ^  You  can  get  one  of  these  invaluable  Gauges  fr«e  if  you  accept  the  prupoaition 
outlined  below. 


HERE  IS  A  SPECIAL  OFFER 
READ  IT 

Wp  want  to  IncreftKe  the  Siiborrlptlon  I.l»t  to  our  Monthly 
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restK  on  Inventions  of  new  mnehlnPry.  To  keep  al>r<r&Kt  of 
nieelianli-nl  proifre!<»  xhoiilil  I*  the  iilni  of  every  Intelllifent  iimn. 
<  mr  imhlliatliin  keeps  voii  Infonne^l,  unil  It  I"  writlen  no  all  inn 
niiilervtanil  II.  nil. I  the  l>e!>t  llhi-trnted  of  li«  elnxM.  ailDKHt 
II  tCIIINKKY  rostx  (UK)  a  year.  We  uniit  ti>  fc'it  ymi  "tarteil  re«.l- 
lUK  this  paper  retfularly,  anj  therefore  make  you  ihlM  orfer. 

Send  UH  your  suhsnTlptlon  at  om-e,  enrlonlnit  t2  flOand  wo  will 
mall  von  M'odern  Mm-hlnerv  every  numth  fur  TWO  YKAIU*  ami 
a  Wlet-iioethe  ('onil>lnatli>n  liaiitfe  VMV.V.  at  i>nie.  If  n<>t  Jiint  as 
represented,  send  the  liaiiife  rlulit  l>ai-k  and  »e  will  refund  your 
money.      Don't  delay  aiveptlnK  this  pro|Misltlon  ;  writ*  to-day. 

Remember,  money  back  to-morrow  If  dissatisfied. 

Start  vour  subscription  with  our  April  number  which  eon- 
tains  a  verv  Interestlntf  and  handsomely  Illustrated  artUle  on 
the  Machinery  at  the  I'A.MJI*  CaSaL. 


Coupon 


hatfl- 


MotlKRX  MArlllXKMr  PiB.  Co 

1308  HlC<  IHITT    III.IMI., 

ClIU'AOU. 
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Modern  Machinery  Publishing  Co.   laos  security  Bidg.    ::    Chicago 
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Drawintr  Ink,  FREE. 

If  dealer  don't  have  it  in  hand  send 
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stamps  to  help  pay  postage  and  we  will 
send  you  the  ink  by  return  mail. 

We  do  this  simply  to  acquaint  Ink 
Users  with  the  Best  Ink  that  has  ever 
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Drawing  Material,  etc.,  etc. 

A.  FREDERICK  POST  CO.,  CHICAGO 
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The  issues  of  one  year  contain  more  than  one  thousand 
pat;es  of  reading  matter  devoted  entirely  to  subjects  of 
greatest  interest  and  importance  to  Engineers.  IT  If  you 
install,  operate  or  care  for  machinery,  you  should  read 
The  Engineer.  II  Send  for  free  sample  copy. 

The    Engineer    Publishing    Company 

557   Dearborn    Street.  CHICAGO 


What  Is  Daus^  Tip-Top? 


TO  PROVE  ^^^*  ^*"^' 

"Tip  Top" 
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American  Telephone  Practice.  ByKempsterB.  Mil- 
ler. M.  E.  Pages  904.  Cloth,  7  by  10  inches. 
Illustrated.  Published  by  McGraw  Publishing  Co., 
New  York ,  N .  Y .    Price,  $4 .  00 . 

This  book,  now  in  its  fourth  edition, 
hardly  needs  any  other  recommendation 
than  the  mention  of  the  name  of  the 
author,  who  is  a  telephone  engineer  and 
expert  of  world-wide  reputation,  and 
who  stands  without  question  at  the  head 
of  his  profession.  From  the  appearance 
of  this  book  in  its  first  edition,  it  has  been 
the  acknowledged  standard  of  telephone 
practice,  to  which  telephone  workers  of 
all  classes  have  turned  as  a  final  author- 
ity. From  its  comparatively  modest  be- 
ginning, this  book  has  passed  through  a 
second  and  third  edition ;  and  now  the 
fourth  appears  with  almost  double  the 
number  of  pages  and  illustrations,  having 
practically  been  completely  rewritten. 

Among  the  many  additions  made,  the 
treatment  of  the  subject  of  the  Common 
Battery  System  is  particularly  worthy  of 
mention.  N^ew  chapters  have  been  added 
— on  Trunking  between  Common  Battery 
Offices,  Private  Branch  Exchange  Serv- 
ice, Measured  Service,  Toll  Switchboard 
Systems,  and  Power  Plants.  Anorher 
very  valuable  feature  is  the  large  number 
of  diagrammatic  representations  of  the 
different  types  of  telephone  circuit. 

The  chapter  on  Aleasured  Service  is 
one  every  telephone  engineer  should  be 
glad  to  read,  as  this  is  a  subject  in  regard 
to  which  very  little  information  has  here- 
tofore been  available.  This  chapter  dis- 
cusses the  method  of  charging  for  tele- 
])hone  service,  measuring  of  service,  the 
different  types  of  coin-collecting  devices, 
together  with  the  circuits  of  the  various 
systems,  and  the  subject  of  telephone 
meters  or  counters. 

Still  another  evidence  of  the  up-to-date 
character  of  this  work,  is  the  thorough 
treatment  of  the  Automatic  Telephone, 
under  \yhich  heading  are  taken  up  the 
early  Strowger  system,  the  operation  of 
the  modern  Strowger  system,  substation 
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OLPSENajcs 

Economical  Power 

In  semiing  out  their  last  specifica- 
tions for  gasoline  engines  for  "West 
Point    the  U.  S.  War  Department  re- 
quired'them   "to  be  OLDS  ENGINES  or 
equal."    T7iey  excel  all  others,  or  the  U.  S. 
Government  would  not  demand  them. 

They  are  the  horizontal  type,  2  to  100 
H.  P.,  and  are  so  simply  and  perfectly 
made  that  it  requires  no  experience  to  run 
them,  and 

Repairs  Practically  Cost  Nothing 

Send  for  a  catalogue  of  our   Wizard  Engine,  2  to  8 

H.  P.,  (spark  ignition  system,  the  same  as  in  the 

famous  Oldsmobile) ,  the  most  economical  small 

power  engine  made;  fitted  with  either  jack- 

^pump  or  direct-connected  pump.     Or,  ou^ 

.  peneral  catalogue,  showing  all   sizes^ 

^OLDS  GASOLINE  ENGINE  WORKS^ 

Lansing,  Mich. 


SAMPLE    COPY 

FREE 


The  Chief  Engineer  of  an 
Electric  Light  Station  writes: 
"I  subscribed  for  'The  Prac- 
tical Engineer'  because  it  was 
cheap,  now  I  am  renewing  my 
subscription  because  it  is  good 
and  I  need  it  in  my  business." 

**The  Practical  Engineer'' 

is  just  what  its  name  implies — 
a  good,  practical  monthly 
paper  for  practical  engineers, 
well  printed,  original  illustra- 
tions, and  full  of  good,  cur- 
rent information  for  station- 
ary engineers. 

50     CENTS     A     YEAR 

is  the  subscription  price.  Send 
postal  for  free  sample  and  see 
it  first,  then  you'll  subscribe. 

Subscription  Agents  Wanted 

TUL  PRACTICAL  ENGINEER 

46  No.  12th  Street,  Philadelphia,  Pa. 


LITERATURE—  ( Continued) 

equipment,  various  circuits,  steps  in  the 
connection  between  subscribers,  typical 
automatic  installations,  methods  of  hand- 
ling toll  service,  and  the  application  of 
the  common  battery  system  to  the  auto- 
matic. 

The  chapter  on  Power  Plants  takes  up 
such  subjects  as  the  circuits  of  a  modern 
power  system,  power  switchboards, 
methods  of  wiring  power  switchboards, 
magneto-generators,  various  types  of 
charging  and  ringing  machines,  busy- 
back  attachments,  etc. 

The  chapter  on  Private  Branch  Ex- 
change Service — another  modern  de- 
velopment — takes  up  local  connections, 
single-track  versus  double-track  systems, 
division  of  work  between  operators, 
methods  of  operation  in  private  branch 
exchanges,  and  private  branch  exchange 
service  and  switchboards. 

A\'hile  it  is  impossible  to  do  any  sort 
of  justice  to  this  work  within  the  brief 
limits  of  a  review^  it  can  safely  be  stated 
that  it  is  the  most  exhaustive  treatise  on 
telephony  ever  published.  The  book  as 
a  wdiole  can  be  highly  recommended  to 
all  classes  interested  in  the  telephone. 


Electrical  Railways.  By  Sydney  W.  Ashe,  B.  S.,  and 
J.  D.  Keiley.  Pages  285.  Cloth,  5 1-2  by  7 1-2  Inches. 
Illustrated .  Published  by  The  D .  Van  Nostrand  Com  - 
pany.  New  York,  N.  Y.    Price.  $2.50. 

The  absence  of  any  up-to-date  textbook 
on  the  subject  of  Electric  Railways  work, 
led  the  authors  to  prepare  this  volume, 
which  embodies  the  most  recent  develop- 
ments in  electric  traction,  and  treats  the 
subject  from  a  theoretical  as  well  as  a 
practical  standpoint.  While  much  valu- 
able new  material  has  been  written  on 
Electric  Railways,  the  greater  part  of  this 
has  already  appeared  in  the  form  of  short 
articles  published  by  the  technical  press ; 
and  in  this  book  the  complete  theory  is  in- 
cluded and  brought  dowm  to  date.  The 
book  is  designed  as  a  textbook  for  tech- 
nical institutions,  as  well  as  an  engineer- 
ing reference  book.  The  subject-matter  of 
the  work  is  confined  entirely  to  the  roll- 
ing stock,  and  no  attempt  has  been  made 
to  cover  the  very  wide  field  of  traction 
work  outside  of  this.  The  contents  treat 
particularly  of  curve-plotting  instru- 
ments, analyses  of  train  performance, 
train-recording    and    indicating    instru- 
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^    ^DENVER®  RIO  GRANDE 

RAILROAD 

Has  more  scenic  attractions,  mountain  resorts, 
mineral  sprinj^s,  hunting;  and  lishinj^j  ^jroiinds 
than  any  other  railroad  in  the  world. 

It  reaches  all  points  of  interest  in  Colorado 
and   Utah. 

It  is  the  only  line  passinjj   through  Salt  Lak» 
City  en  route  to  and  from  California  and  North 
Pacific  Coast  points. 

It  is  the  most  attractive  line  to  the  Lewis  and 
Clark  Exposition  at  Portland. 

It  has  the  hi(s'hest  class  modern  equipment  ami 
through  car  s<rvirc. 


LOW  SUMMER  RATES  ARE  NOW  IN  EFFECT. 

Srnd  _for  _frtt     lllujtrattd     "BooKlftj. 


S.    K.    HOOPER.    G.    P.    and    T    A.. 


DENVER.    COLO. 
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INDUSTRIES 

ARE 

OFF  E  R.  E  D 

LOCATIONS 

"With     satisfactory     inducements, 
favorable  freight  rates,  good  labor 
conditions,  healthful  communities, 
on  the  lines  of 

THE  ILLINOIS  CENTRAL  RAILROAD 

AND   THE 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 

For    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIR., 

Industrial  Commissioner, 

1  Park  Row.          Chicago,  III. 

THE  CTTTCAGO  *  ALTON 
runs  the  largest  passenger  engines 
in  the  world 
They  keep  the  trains  on  time 
Between  Chicago, 
St.  Louis, 
Kansas  City  and 
Peoria 
Geo.  J.  Charlton,  General  Passenger  Agent 

CHICAGO,  ILL. 


LITERATURE—  (Continued ) 

nients.  direct-  and  alternating-current 
railway  motors,  car  bodies,  trucks,  ^ 
brakes,  electrical  locomotives,  and  elec- 
trical measurements.  The  theoretical  and 
mathematical  explanations  put  this  work 
rather  beyond  the  comprehension  of  the 
beginner ;  Init,  as  a  textbook  for  the  ad- 
vanced student  in  electric  railway  work, 
the  book  will  be  of  value,  as  it  includes 
the  latest  developments  in  theory  and 
machinery. 

Electrical  Instruments  and  Testing.     By  N.  H, 

Schneider.  Pages  200.  Cloth,  5  by  7  1-2  inches.  Il- 
lustrated. Published  by  Spon  &  Chamberlain,  New 
Yorli,  N.Y.    Price,  $l.oc. 

This  work  is  intended  as  a  handbook  for 
workers  in  central  stations  and  electrical 
power  plants ;  and  its  contents  are  ar- 
ranged in  the  form  of  a  guide  to  the  use 
of  all  kinds  of  electrical  instruments.  The 
various  kinds  of  indicating  and  measur-  • 
ing  instruments,  such  as  galvanometers, 
W'heatstone  bridges,  rheostats,  volt- 
meters, ammeters,  etc.,  are  explained,  as 
to  both  construction  and  methods  of  con- 
nections. The  classification  of  instru- 
ments used  in  the  work  includes  two 
general      groups — namely,      instruments 

which  indicate  the  presence  of  current, 
without  measuring  its  value ;  and  those 
which  indicate  by  means  of  dials,  etc., 
the  value  of  the  electrical  current  present. 
Another  subdivision  is  the  class  of  re- 
cording instruments  wdiich  give  the  fluc- 
tuations of  current  strength  for  a  given 
period  of  time.  The  explanations  con- 
tained in  this  volume  are  simplified  so 
as  to  come  within  the  grasp  of  students 
of  the  elementary  principles  of  electri- 
city ;  and  the  formulae  and  numerical  ex- 
amples given  will  be  found  very  useful 
to  the  student  and  the  practical  worker 
in  electricity. 

Modern  Gas  Engines  and  Producer  Gas  Plants. 
By  R .  E .  Mathot ,  M .  E .  Translated  from  the  French 
by  Waldemar  B.  Kaempffert.  Cloth.  Pages  314,  6  by 
9  inches.  Illustrated.  Published  by  The  Norman  W . 
Henley  Publishing  Company,  New  York,  N.  Y. 
Price,  $2.50. 

The  increasing  use  of  gas  engines  during 
the  last  few  years,  has  given  rise  to  con- 
siderable literature  on  the  subjects  of  in- 
ternal-combustion engines  and  producer 
gas  plants,  most  of  which,  however,  treats 
largely  the  theoretical  rather  than  the 
practical  features  of  this  apparatus.     The 
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Nearest  at  Hand  of  the 
World's  Seven  Wonders 

No  American  should 
be  able  to  say  he 
^  has  never  seen  Niagara 
Falls.     Once  seen,  Ni- 
agara is  a  magnet  that 
will  always  attract. 

The    magnificent  grandcir 
of  its  volume,  roaring  and  seeth- 
ing,  holds  one  as  if  by  a  spell. 
^'i*    In    contrast,    the    thousands  of 
nooks     and     dells     where     the 
troubled  waters  rest  or  playfulh' 
leap  and  run,  delight  the  senses 
by  their  very  delicacy. 
And   all   the   while   mist  in  one's    face  cools    and 
invigorates. 

Strong  bridge-work  runs  right  up  under  the  Falls- 
electric  cars  run  down  the  Gorge,  past  Rapids  and 
Whirlpool  at  the  water's  edge,  and  other  engineering 
feats  make  new  view-points  possible. 

No  more  exorbitant  charges  — the  Governments 
stopped  them. 

The  Wabash  System  offers  its  comfortable  trains  t..  trans- 
port yoit  direct  to  this  Beauty  Spot.  Luxuriant  Pullmans 
and  Free  Chair  Car;,  from  a  hundred  Western  cities. 
Write  for  information  and  rates  from  your  own  station. 

C    S    CRANE,  G.  p.  &  T.  A.,  Wabash  System,  Si.  Louis. 
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Locations  for  Industries 

Erie  Railroad  System 
Chicago  to  New  York 

The  Erie  Railroad  System's  Industrial  Depart- 
ment has  all  the  territory  traversed  by  the  railroad 
districted  in  relation  to  resources,  markets  and  ad- 
vantages for  manufacturing,  and  can  advise  with 
manufacturers  of  specific  products  as  to  suitable 
locations,  furnishing  them  with  current  information 
of  a  comprehensive  nature,  dealing  with  the  project 
in  its  full  relation  to  manufacture  and  commerce. 

The  Erie  is  one  of  the  greatest  of  trunk  lines.  Its 
own  rails  connect  the  two  largest  cities  of  America. 
Every  section  of  the  System  has  its  particular  merits. 
It  has  great  general  and  coal,  oil  and  natural  gas 
resources. 

It  is  important  in  this  age  of  modern  facilities  for 
manufacturers  to  locate  where  they  can  obtain  side 
tracks  so  as  to  receive  from  and  ship  directly  into 
cars  at  the  factory.  Information  can  be  promptly 
furnished  in  this  connection  about  every  point  on 
the  system  between  Chicago  and  New  York. 

Manufacturers'  inquiries  as  to  locations  are  treated 
in  strict  confidence  and  absolutely  reliable  informa- 
tion, so  as  to  promote  permanent  traffic,  is  furnished. 
Address 

LUIS  JACKSON 

Industrial  Commissioner 
Erie   Railroad    Company 

21  Cortlandt  Street,  New  York 


Across 
Lake  Erie 


Between 


Twilight 


anc 


D 


awn 


HE  D.  &  B.  Line  Steamers  Leave  Detroit 
daily  at  5.00  p.m.  (  central  time)  and 
Buffalo  daily  at  5.30  p.m.  (eastern  time) 
reaching  their  destination  the  next  morning 
after  a  cool,  comfortable  night's  rest  en  route. 
By  special  arrangement  all  classes  of  tickets 
reading  via  the  Michigan  Central,  Wabash 
and  Grand  Tn:nk  Railways,  between  Detroit 
and  Buffalo,  in  either  direction,  are  optional 
and  will  be  accepted  for  transportation  on 
the  D.  &  B.  Line. 

Detroit  &  Buffalo  Steamboat  Co. 

A.  A.  SCHANTZ,  Gen'l  Supt.  &  Pass.  Traf.  Mgr. 
Detroit,  Mich, 


LITERATURE—  ( Concluded) 

present  work  by  Mathot,  on  the  contrary, 
is  a  very  practical  treatise  for  the  guid- 
ance of  gas  engine  users.  The  different 
chapters  contain  practical  information  on 
comparisons  of  first  cost  of  steam  and 
gas  engines ;  and  hints  in  regard  to  selec- 
tion of  an  engine,  the  method  of  its  in- 
stallation, foundation,  exhaust,  lubrica- 
tion, etc.  The  same  practical  treatment 
is  given  the  subject  of  producer  gas, 
pressure  gas-producers,  suction  gas-pro- 
ducers, etc.  The  work  is  printed  in  very 
large  type  and  well  illustrated.  Its  author 
has  made  a  special  study  of  gas  engines, 
having  supervised  their  installation  in 
many  of  the  principal  industrial  centers 
of  the  world.  The  treatment  of  the  sub- 
ject is  very  complete,  and  it  is  discussed 
without  help  of  mathematics  and  without 
elaborate  theoretical  explanations.  The 
work  is  designed  to  come  within  the  un- 
derstanding and  meet  the  requirements  of 
the  mechanic. 

^* 
CATALOGUE 

The  Stirling  Company,  New  York,  N.  Y.  Catalogue 
of  Boilers  and  Steam  Engineering.  Cloth,  8  by  10 
inches.    Pages  250. 

"Stirling,"  as  this  catalogue  is  entitled, 
is  reallv  more  than  a  catalosfue  on  boilers, 
and  constitutes  a  textbook  on  steam  engi- 
neering, edited  by  the  engineering  staff 
of  the  Stirling  Company.  It  is  hand- 
somely printed  on  heavy  paper,  and  pro- 
fusely illustrated  with  half-tone  engrav- 
ings.. The  catalogue  opens  with  a  very 
complete  description  of  the  Stirling  boil- 
ers, which  covers  about  forty  pages  ;  after 
which  the  general  subjects  of  heat,  air, 
water,  and  steam  are  treated  from  the 
standpoint  of  thermodynamics,  a  number 
of  valuable  tables  being  given.  A  chap- 
ter is  devoted  to  calorimeter  tests,  and 
another  to  the  flow  of  steam  through 
pipes  and  orifices,  and  the  resistances  of 
various  elbows  and  valves.  Superheat- 
ing and  the  Stirling  superheater  are  ex- 
plained ;  after  which  considerable  space 
is  devoted  to  combustion  of  various  kinds 
of  fuels,  methods  of  fuel  burning,  etc. 
Chimney  and  draught,  analyses  of  flue 
gases,  horse-power  rating  of  boilers, 
principles  of  steam  piping,  and  a  very 
complete  subject  index,  complete  this 
book,  Vv'hich  constitutes  an  unusually  high 
class  of  trade  literature. 
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APrERlI^iLMENTS 
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|9om-  ^Dnntrti  iHattrr 


DOES  IT  SATISFY  YOU?  DOKS  11  ADK- 
QUATELY  Rl  PRKSKNl  YOU?  DOKS  IT 
CARRY  THK  IDEA  OF  ^UALITT  THAT 
YOU    DESIR1-,    ro    RE    MEASURED    VV    HY? 


TRY     THE      PRINTING      PRODUCED      BY 

W.  p.  Dunn  Company 

r,i fliers    of    "THE     TECHNICAL     WORLD" 


EQUIPMENT      THE      BEST!         IDEAS 
MODERN!         PRODUCT      FIRST-CLASS! 


IT  WILL  CERTAINLY  PAY  YOU  TO  INVESTI- 
GATE IF  VOU  WANT  TIfK  BEST  FOR  YOUR 
MONEY.  CORRESPONDENCE  AND  REQUESTS 
ASKED     FOR     AND     PROMPTLY     RESPONDED    TO 


W.   p.   DUNN    COMPANY 

167     Add  ins     Street,     Chicago,     I  /  li  fi  0  i  s 
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MAGNIFICENT 
WATER  POWER 


which  will  develop  ten  thousand 
horse-power  With  this  is  included 
200  acres  at  dam  site  and  300  acres 
at  power  site.  The  property  should 
be  developed  in  connection  with 
the  generation  of  electricity  for 
power,  as  we  have  application  from 
numerous  industries  for  site  when 
developments  are  assured.  There 
are  also  a  number  of  towns  within 
a  radius  of  thirty  miles  ready  to 
contract  for  both  light  and  power. 

PAPER  AND  PULP  MILL 

One  hundred  million  cords  of  pulp 
wood  are  tributary,  extending  up 
the  river  for  a  distance  of  thirty 
miles,  and  commanding  as  well  a 
territory  of  several  hundred  miles 
connected  by  rail.  For  engineer's 
report  and  detailed  data  address, 

J.  W.  WHITE,  General  Industrial  Agent 

Portsmouth,  Virginia. 
SEABOARD    AIR.    LINE    RAILWAY 


EMPLOYMENT 
DEPARTMENT 

5^C . 


*  TO  EMPLOYERS— The  Technical  World  offers  its 
services  in  bringing  employers  of  skilled  labor  into  com- 
munication with  trained  and  efficient  men.  Write  the 
Employment  Department  full  particulars  as  to  the  quali- 
fications necessary. 


SITUATIONS  VACANT 

Wanted — Several  draftsmen  and  detail  men 
for  Corliss  Engine  work.  Apply  to  Brown 
Corliss  Engine  Co.,  Corliss,  Wis. 


Send  10  cents  for  the  June  issue  of  the  Engi- 
neering World,  containing  list  of  150  vacancies 
for  technical  men,  now  open  with  the  Engineer- 
ing Agency,  Chicago.  Engineering  World, 
Monadnock  Block,  Chicago,  111. 


SITUATIONS  WANTED 

W.XXTED — A  Student  in  Electrical  Engineer- 
ing desires  to  take  charge  of  a  plant  in  a  sinall 
city  or  town.  Has  practical  knowledge  of 
steam-turbine  generators  and  modern  station 
construction;  also  thorough  experience  in  elec- 
tric lighting  and  powder,  street  railway,  and 
high  transmission.  References.  Address  The 
Technical  World,  No.  345. 


Wanted — Employment  with  an  Electrical 
Engineeringor  Construction  Company  is  wanted 
by  a  graduate  of  the  American  School  in 
Electrical  Engineering.  Has  had  eight  months' 
experience  in  helping  to  install  a  60-K.  W. 
Wood  System  plant,  and  inside  wiring.  Ad- 
dress The  Technical  World,  No.  346. 


Wanted — Any  good,  responsible  position,  by 
an  Erecting  Engineer  of  very  extensive  experi- 
ence as  such.  Also  considerable  experience  as 
assistant  superintendent  and  general  foreman. 
Address  The  Technical  World,  No.  347. 


Wanted — A  position  as  Draftsman  by  a 
graduate  of  a  Technical  School  and  student  of 
the  American  School.  Two  years'  experience 
in  machine  shop.  References.  Address  The 
Technical  World,  No.  348. 


FOR  SALE 

]\Iust  sell  this  month — Reference  Library 
Modern  Engineering  Practice.  Only  first  vol- 
ume used ;  rest  new.  Address  Blumgren,  619 
So.  i6th  St.,  Omaha,  Nebraska. 
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Compendium  9/  Drawing. 


New,  Enlariied   Edition 

A    COMPLETE     CYCLOPEDIA 


For  the  Library, the  5hop,the  Student 

Over  l.uoo  Panes— l.JOO  Illustrations ,  Foldinc  Plates,  Etc. 

SrNT 


Size 
8x  10 
inches 


FREE 


FOR.    EXAMINATION 

No  more  comiirehensivL-  treatise  on  draw- 
injj  has  ever  been  published  than  this  new- 
enlarged  edition  of  the  compendium.  $25. (►0 
would  not  buy  separate  volumes  covering 
the  subjects.  The  chief  object  in  offering  the 
books  at  a  reduced  price  is  to  show  the  char- 
acter of  our  instruction  in  drawing  and  to 
interest  the  public  in  the  work  of  our  school. 


JAS.  W.  HOLLOWELL,  Plainfield,  Ind.,  says:  "The  'Compendium  of  Drawing'  is 
the  most  complete  work  on  mechanical  drafting  I  have  ever  seen.  It  is  well  bound, 
printed  in  good,  clear  type  and  on  the  best  of  paper." 

SPECIAL      OFFER 

To  Readers  of  The  Technical  World 

Not   Good   After  June   50th 

BOTH  VOLUMES  sent  free  on  approval  (express  prepaid  .     Keep  them  five  days. 
If  satisfactory  send  $1.00  and  $1.00   per   month  for   six   months  thereafter. 
Otherwise  notify  us  and  we  will  transfer  them  absolutely  free.     They  have  a 
permanent  utility  that  makes  them  a  desirable  acquisition  to  every  library. 

LIST  OF  AUTHORS  AND  SUBJECTS 


Prof.  H.  E     Evkkktt.  University  of  Pennsylvania    . 
Prof.  K    Keni.so.v.  Massachusetts  Institute  of  Technolojry 
Prof.  H.  W.  Gardner. 
Prof.  I).  A.  Cregc 
Prof.  W.  H.  Lawrencf.. 


Frank  Choi-teai:  Brown.  Architect,  Boston  .  Architectural  Lettering 

H.  V.  vo.v  HOLST.  Architect,  Chicajro         .        .      Renderinir  in  Wash  and  Color. 

including  Water  Color  hints  for  Draftsman 
Prof.  W.   H    James.  Mass.  Inst,  of  Terhnolo»ry        .  WorkinR- Drawing 

Prof.  C.  L.  Griffin,  formerly  Pa.  State  College  .         Machine  Design 

Wm.  Neibecker.  N.  Y.  Trade  School.     .    Sheet  MeUl  Pattern  Drafting 

Tinsmithing 

"  "      .        .         Practical  Problems  in  Mensuration 

AMERICAN    SCHOOL 
CORRESPONDENCE 

CHICAGO,  ILL.,  U.  S.  A 


Freehand  Drawing 
Mechanical  Drawing 
Shades  and  Shadows 
Rendering  in  Pen  and  Ink 
Perspective  Drawing 
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WHAT  MAKES  THE  GRASS  DIE? 

is  often  asked.  Some  say  one  thing,  and  some  another.  Old  style  mowers 
catch  the  top  of  the  grass  first,  jerking  it  and  breaking  the  feeders  at  the 

root,  killing  it.  The  Clipper  Mower  does  not  touch  the  grass  until 
it  cuts  it.  Every  purchaser  should  follow  the  directions  placed 
upon  the  handle  of  each  mower  in  order  to  produce  the  best  results. 


THE  MOWER 

That  will  Kill  all  the 
"Weeds  in  Your  Lawns. 
If  you  keep  the  weeds 
cut  so  they  do  not  go 
to  seed,  and  cut  your 
grass  without  break- 
ing the  small  feeders 
of  roots,  the  grass  will 
become  thick  and  the 
weeds  will  disappear. 
The  CLIPPER  will 
do  it. 


ASK  YOUR  DEALER 
FOR  THEM 

If  they  haven't  got  them 
here  you  will  find  the  price 
below.  Send  draft,  money 
order  or  registered  letter. 


No.  1,  12  inch  Mower,  $5.00 
No.  2,  15  inch  Mower,  6.00 
No.  3,  18  inch  Mower,  7.00 
No.  4,  21  inch  Mower,    8.00 


r^M-' 


si  ^>»w^'^ 


M a  n  ufac lured    by    the 


Clipper   Lawn  Mower   Company 

DIXON.     ILLINOIS 
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?g^  400  SHAVES 

>V^lTHOUT  STROPPING 

is  a  low  a\erajre  of  the  number  of  sfiavesthat  can  be  secured  with  a 


Safety 
Razor 


The  outfit  consists  of  one  triple  silver  plated  holder  and  twelve  douMeedped  wafer  blades,  in  a  morocco 
velvet  lined  ca-se.  These  wonderful  blades  are  temi)ered  so  hard  by  our  secret  process  that  they  must  be 
ground  with  Diamond  Dust,  and  so  perfectly  sharpened  that  every  one  will  give  from  ten  to  fifty  delightful, 
velvety  shaves  without  stropping.     Thousands  of  unsolicited  letters  testify  to  this.     Here  is  one  of   them. 

Qillette  5ales  Co.,  New  York.  Cienilfmen:— I  bounht  one  of  your  mzors  last  Septemher  and  I  would  not  sell  it  for  m.iny  times  its 
\-aluc  II  1  could  not  wet  another.  In  fact  it  is  the  only  ra^or.  I  have  used  one  blade  sixty-two  times  and  am  still  using  It.  Wc 
have  a  chain  of  ".'b  b.iiiks  and  several  of  our  boys  have  tx>ught  the  razor  from  seeins,'  mine.  kespccifiilly. 

L.  Gkkkswuod,  Auditor  Farmers'  Loan  \:  I  rust  Co.,  Sioux  City,  Iowa. 


Gillette 
Blkd« 

The  circular  illu.stralions    shown    liere    are 
exact    reproductions    of    photographs    mad> 
under  the  microscope  by  Prof.  W.  J.  G.  Land 
of  the  University  of  Chicago.    Same  lenz  and 
conditions  used  on  both  razor  blades. 

Note  the  perfectly  true  edge  of  the  Qillette 
Blade.  The  other  illustration  was  nnt  fK)ni  ii 
bad  razor  but  from  the  best  obtainable  in 
daily  use 


This        1 

illus-       1 

Triple 
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Silver 
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ready  R] 

y2 

for      H 
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The 

Ordlnmry 

Razor 

Blade 

<ri)r  lliiiuriiutii  lU'  (Ehiraijiii 

Dept.  of  Botany. 

Painter-Tobcy- Jones  Co.,  April  Ki,  190S. 

^I^.Geo.  J.  kcndall,  Chicago,  111. 

I  tear  Sir:— I  am  sendiiiR  proofs  of  rdf;e.i  of  a  high 
Kra<lc  ordinary  shaving  ra7.r)rand  the  Qillette  Blade  at  a 
m.mnificaiicm  of  I'-'Ild  di.imcters  (in  popular  lancuage 
1.4411,1100  times.)  NeRativcs  were  made  fiom  .Spencer 
objective  4mm.  focal  length  and  Nutnerical  Aperture 
O.K."):  and  Zeiss  Ocular  8. 

N'ou  will  note  that  the  numerical  aperture  is  a  high  one, 

thus  making  the  test  a  severe  one  for  Ivith  blades.  .Advise 

me  <■!  receipt  of    iiroofs.     Trusting  tliey   will   serve   your 

purpose,  I  am,  yours  ver>'  truly,      Prof.  W.  J.  G.  Land. 

The  edges  of  these  two  razor  blades  have  not  been  retouched  in  any 
svay,  but  are  exactly  as  they  apjjcar  under  the  microscope  at  121)0  diairie- 
•ers.  The  ordinary  lazor  was  one  that  was  stropped  in  the  most  .scientific 
manner  while  the  Gillette  was  selected  at   random   from    a  dozen  blades. 

Ask  your  dealer  for  the  Gillette  Safety  Razor;  he  can  piocure  v 
for  you.  Write  for  our  interesting  booklet  which  explains  our  thirty  day.^ 
free  trial  offer.     Most  dealers  make  this  offer;  if  yours  don't,  we  will. 


abr  (BUlrllr  ^alra  CCnmpany. 
„24    Times  Building,  Times  Square,  New  York. 

References:    Any  one  of  our  168,141  satisfied  users  to  January  1, 1905.  our  first  year  in  the  market 


This  is  exact  size  of  Gillette  Blade. 


LUNKENHEIMER 


"AUTOMATIC" 
INJECTOR 


Will  work  at  a  higher 
pressure,  take  hotter 
water  and  will  force 
against  a  greater  over- 
pressure than  any  other 
automatic  injector  on 
the  market. 

We  also  manu- 
facture a  full 
line  of  Iron  and 
Brass  Valves, 
Mechanical .  and 
Hydrostatic 
Lubricators,  Oil 
and  Grease  Cups,  Whistles, 
Water  Columns,  Cocks,  etc. 


THE  IMPROVED 


JShe  LUNKENHEIMER  COMPANY 

Ur;:e«t    flttnuf-irlunrs  uf  Eiii:in..rln2    S|.priiiitii-s    in    the    World 

Main  Offices  and  Works:  CINCINNATI,  OHIO,  U.  S.  A. 
"Rranchej: 

New  York:   2G  Torlland  Si.  London:    S.I  Gr»«t  Dover  St. 


/JohnriacontoshV 
the  Toffee  King 


Matckintosh's   Toffee 

is  Bl  pure  and  delicious 

Old  English  Cacndy 

The  enormous  sales  of  it  in  this  country  and  in  Engl.ind 

(the  home  of  Mackintosh's  Toffee)  have  made  it  a  creat 

international  candy.      It  is  as  pure  as    the    crystal 

spring,  and  has  a  peculiar  flavor  that  makes  it  Moreish 

— the  more  you  eat  of  it,  the  more  you  want  of  it. 

Ask  yonr  dealer  to  snpplT  It:  he  can  if  he  will;  )f  not, 

fend  me  inc.  In  stamps  for  a  sample  p.ickage.  or 

81. 130  for  a  fuur-lJOUad  family  tiu.    Irj  juur  dealer  first. 

JOHN  MACKINTOSH,  7.  Hud.«7si.,'>>w  wk 


1 


Boston 
Garter 

KNOWN  AND 

WORN  ALL  OVER 

THE  WORLD 

The  NAME  Is  Stamped 
ON   EVERY   LOOP— 


CUSHION 
BUTTON 

CLASP 

Lies  flat  to  the  leg-never 
slips,  tears,  nor  unfastens 

EVERY   PAIR  WARRANTED 

GEO.  FROST  CO.,  Makers 
Boston,  Mass.,  U.S.A. 

ALWAYS    EASY 


QUICK 


PEERLESS 
DIE  HEAD 
CHUCKING 


DEVICE 


1 


No  stopping  of  the  machine  for  gripping  or 
releasing  the  pipe.  No  backing  out  of  the 
thread.     There  are  other  special  features. 

Send  for  full  description. 

Bignall  ®  Keeler  Mfg.  Co. 

Bflilders  of  Improved  Pipe  Cutting  and  Threading  Machinery, 
EDWARDSVILLE,  ILL.,  U.  S.  A. 


vose 


PIANOS 


have  been  established  over  50  YEARS.  By  our 
system  of  payments  every  family  in  moderate  cir- 
cumstances can  own  a  VOSE  piano.  We  take  old 
instruments  in  exchanpre  and  deliver  the  new  piano 
in  your  home  free  of  expense.        Write  for  Catalogue  D  and  explanations. 

VOSE  ®.  SONS  PIANO  CO..  160  Boylston  St..  Boston,' Mass. 


IWP Dunn  Col 
PRINTERS         U 
-      CTtlcag&  I 


